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ADVERTISEMENT. 

ii11  ====== 


Committee  appointed  by  the  Royal  Society  to  direct  the  pub* 
lkation  of  the  Philosophical  Transactions,  take  this  opportunity  to 
acquaint  the  Public,  that  it  fully  appears,  as  well  from  the  council- 
books  and  journals  of  the  Society,  as  from  repeated  declarations  which 
have  been  made  in  several  former  Transactions,  that  the  printing  of 
them  was  always,  from  time  to.  time,  the  single  act  of  the  respective 
Secretaries,  till  the  Forty-seventh  Volume  :  the  Society,  as  a  Body, 
never  interesting  themselves  any  further  in  their  publication,  than  by 
occasionally  recommending  the  revival  of  them  to  some  of  their  Se- 
cretaries, when,  from  the  particular  circumstances  of  their  affairs,  die 
Transactions  had  happened  for  any  length  of  time  to  be  intermitted. 
And  this  seems  principally  to  have  been  done  with  a  view  to  satisfy 
the  Public,  that  their  usual  meetings  were  then  continued,  for  the  im- 
provement of  knowledge,  and  benefit  of  mankind,  the  great  ends  of 
their  first  institution  by  the  Royal  Charters,  and  which  they  have  ever 
since  steadily  pursued. 

But  the  Society  being  of  late  years  greatly  enlarged,  and  Uieir  com- 
munications more  numerous,  it  was  thought  advisable,  that  a  Com- 
mittee of  their  members  should  be  appointed,  to  reconsider  the  papers 
read  before  them,  and  select  out  of  them  such  as  they  should  judge 
most  proper  for  publication  in  the  future  Transactions;  which  was 
accordingly  done  upon  the  26th  of  March,  175s.    And  the  grounds 
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of  tlieir  choice  are,  and  will  continue  to  be,  the  importance  and  sin- 
gularity of  the  subjects,  or  the  advantageous  manner  of  treating  them ; 
without  pretending  to  answer  for  the  certainty  of  the  facts,  or  pro- 
priety of  the  reasonings,  contained  in'thc  several  papers  so  published, 
which  must  still  rest  on  the  credit  or  judgment  of  their  respective 
autliors. 

It  is  likewise  necessary  on  this  occasion  to  remark,  that  it  is  an  esta- 
blished rule  of  the  Society,  to  which  they  wilt  always  adhere,  never  to 
give  their  opinion,  as  a  Body,  upon  any  subject,  either  of  Nature  or 
Art,,  that  comes  before  them*  And .  therefore  the  thanks  which  are 
frequently  proposed  from  the  Chair*  to  be  given  to  the  authors  of  such 
papers  as  are  read  at  their  accustomed  meetings,  or  to  the  persons  dirough 
whose  hands  they  receive  theux,  are  to  be  considered  in  no  other  light 
than  as  a  matter  of  civility,  in  return  for  the  respect  shewn  to  the  So- 
ciety by  those  communications.  The  like  also  is  ^o  be  said  with  re- 
gard to  die  several  projects,  inventions,  and  curiosities  of  various 
kinds,  which  are  often  exhibited  to  the  Society;  the  authors  whereof, 
or  diose  who  exhibit  them,  frequently  take  the  liberty  to  report,  and 
even  to  certify  in  the  public  news-papers,  that  they  have  met  with  the 
highest  applause  and  approbation.  And  therefore  it  is  hoped,  that  no 
regard  will  hereafter  be  paid  to  such  reports  and  public  notices ;  which 
in  some  instances  have  been  too  lightly  credited,  to  the  dishonour  of 
the  Society. 
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I.  The  Croonian  Lecture.   On  the  Irritability  of  Nerves.  By 
Everard  Home,  Esq.  F.  R.  S 

Read  November  20,  1800. 

no  powers  of  contraction  within  themselves,  but  only  serving  as 
a  medium,  by  means  of  which  the  influence  of  the  brain  may 
be  communicated  to  the  muscles,  and  the  impressions  made 
upon  different  parts  of  the  body  conveyed  to  the  brain. 

The  difficulties  which  attend  every  attempt  to  investigate  the 
real  state  of  the  nerves  in  the  living  body,  and  the  impossibility 
of  acquiring  any  information  upon  this  subject  after  death,  may 
be  urged  in  excuse  for  this  opinion  having  been  so  universally 
received,  since  it  will  be  found,  from  the  following  experiments 
and  observations,  to  be  void  of  foundation. 

The  only  means  by  which  any  knowledge  respecting  the 
irritability  of  nerves  can  be  procured,  must  be  from  the  ope- 
rations in  surgery  performed  upon  nerves,  either  in  a  healthy 
state,  or  under  the  influence  of  disease;  or  from  experiments 
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made  upon  animal  bodies  before  they  are  wholly  deprived  of  life, 
and  instituted  for  that  particular  purpose. 

My  attention  was  directed  to  this  subject  by  the  following 
case,  which  explains  many  circumstances  respecting  the  actions 
of  the  nerves  when  under  the  influence  of  disease,  and  gave  rise 
to  the  experiments  and  observations  contained  in  this  Paper. 

A  person  thirty-six  years  of  age,  naturally  eager  and  anxious 
in  his  disposition,  whose  stomach  was  peculiarly  irritable  and 
irregular  in  its  action,  in  the  winter  of  the  year  1796,  while 
riding  in  the  country,  was  thrown  from  his  seat  by  a  sudden 
motion  of  the  horse;  and,  in  endeavouring  to  save  himself,  fell 
with  his  whole  weight  upon  the  end  of  his  thumb,  against  the 
pommel  of  the  saddle. 

The  part  swelled,  and  became  very  painful.  A  few  days  after, 
he  hurt  it  again,  which  prevented  the  swelling  from  subsiding, 
and  it  remained  uneasy  and  enlarged  for  three  or  four  months. 
It  afterwards  got  well,  but  the  motions  of  the  thumb  were  not 
always  under  the  command  of  the  will;  so  that  he  was  sensible, 
in  the  years  1797  and  1798,  while  writing,  of  finding  a  difficulty 
in  forming  particular  letters. 

On  the  evening  of  the  16th  of  October,  1799,  which  was  cold 
and  damp,  he  was  travelling  in  a  post-chaise  with  two  other 
persons,  and  let  down  the  window,  to  speak  to  the  driver.  A 
cold  wind  blew  directly  into  the  carriage,  and  he  endeavoured  to 
pull  up  the  window;  but,  not  seeing  the  glass  rise,  he  looked 
down,  and  his  hand,  instead  of  pulling  up  the  window,  was 
lying  upon  his  knee.  The  thumb  was  bent  in  towards  the  palm 
of  the  hand;  a  spasm  came  upon  the  muscles  of  the  arm,  making 
them  bend  the  elbow;  and  immediately  he  became  insensible ; 
in  a  quarter  of  an  hour  he  perfectly  recovered  himself.  Some 
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hours  after,  upon  bending  his  thumb,  to  shew  what  had  happened 
to  him  in  the  carriage,  there  was  a  return  of  the  same  attack, 
which  also  rendered  him  insensible  for  a  few  minutes. 

From  this  time,  he  had  no  return  of  these  attacks  for  nine 
weeks;  at  the  end  of  which  period,  on  the  18th  of  December, 
1799,  he  was  waving  his  hand  over  his  head,  with  a  degree  of 
eagerness,  as  a  sign  for  some  people  to  make  haste  and  follow 
him ;  this  exertion  made  the  thumb  contract  towards  the  palm 
of  the  hand,  and  he  fell  upon  the  ground  in  a  state  of  insensi- 
bility. This  attack  went  off  as  the  others  had  done  ;  he  had 
another  in  the  evening;  and,  in  the  course  of  the  next  day,  two 
more,  equally  violent  As  the  motion  of  the  thumb  was  the  first 
symptom  in  all  these  attacks,  the  assistants  were  led  to  contrive 
a  glove,  the  front  of  which  was  strong  enough  to  resist  the 
motion  of  the  thumb,  and  to  keep  it  in  its  place :  while  this  was 
kept  on,  the  attacks  were  less  frequent  A  ligature  was  then 
applied  round  the  fore-arm;  when  the  thumb  was  beginning 
to  be  agitated,  this  was  tightened,  and  the  spasms  were  found 
to  be  arrested  at  the  ligature,  and  of  course  deprived  of  their 
violence. 

From  this  time,  a  tourniquet  was  kept  constantly  upon  the 
fore-arm ;  and  a  person  was  always  in  readiness  to  tighten  it,  the 
moment  the  spasm  was  expected,  which  was  always  preceded 
by  a  general  feel  of  uneasiness  all  over  the  body:  as  soon 
as  the  spasm  went  off,  which  it  did  instantaneously,  the  tour- 
niquet was  loosened.  The  spasms  in  the  thumb  and  fore-arm 
returned  frequently,  and  at  irregular  intervals,  generally  every 
three  hours,  sometimes  oftener,  and  once  did  not  come  on  for 
thirty^six  hours. 

On  the  third  or  fourth  day,  electricity  was  tried,  with  a  view 
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to  relieve  them;  sparks  drawn  from  the  thumb,  produced  tre- 
mors in  the  muscles,  which  were  confined  to  the  thumb.  An 
electric  shock  through  the  ball  of  the  thumb,  brought  on  a  very 
severe  spasm  in  the  arm;  but  neither  sparks,  nor  a  shock 
through  the  other  thumb,  produced  any  sensible  effect! 

On  the  29th  of  December,  I  first  saw  the  patient;  and,  after 
watching  the  symptoms  for  three  days,  made  the  following 
observations  upon  the  complaint. 

That  the  beginning  of  the  attack  was  some  involuntary  motion 
of  the  thumb  and  fore-finger ;  and  therefore,  the  disease  appeared 
to  be  in  the  branch  of  the  nerve  which  supplies  these  two 
parts,  called  by  Winslow,  the  median  nerve. 

That  the  progress  of  the  spasms  was  in  the  direct  course  of 
the  trunks  of  the  median  nerve,  up  to  the  head. 

That  compressing  the  parts  in  the  course  of  that  nerve,  when 
it  was  done  before  the  spasms  had  reached  them,  always  ar- 
rested their  progress ;  butj  when  once  the  muscles  had  become 
convulsed,  or  agitated,  the  same  compression  had  no  effect  in 
stopping  the  progress  of  the  spasms. 

The  mode  in  which  the  spasms  were  propagated  along  the 
course  of  the  nerves,  was  as  follows. 

Five  or  six  tremors  took  place  in  the  flexors  of  the  thumb 
and  fore-finger;  then  similar  convulsive  motions  affected  the 
muscles  of  the  fore-arm ;  soon  after,  the  muscles  of  the  arm 
were  thrown  into  the  same  kind  of  action ;  afterwards  the  pec- 
toral muscle,  and  scaleni  of  the  neck  :  the  muscles  of  the  lower 
jaw  were  probably  in  the  same  state,  although  their  action  was 
not  within  the  notice  of  the  by-standers.  The  head  was  pulled 
forcibly  to  that  side,  in  quick  successive  motions,  and  in  a  second 
or  two,  the  whole  ceased ;  the  parts  became  tranquil,  the  insen- 
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sibihty  went  off,  and  the  patient  recovered  himself :  there  was, 
however,  a  general  feel  of  languor  and  distress  over  the  whole 
body,  before  the  recovery. 

From  these  observations,  the  disease  appeared  to  be  decidedly 
in  the  inferior  branches  of  the  median  nerve ;  and  the  irritation 
was  conveyed  along  its  course,  from  its  terminations  in  the 
thumb  and  fore-finger,  to  the  origin  in  the  brain. 

It  was  proposed  to  divide  the  nerve,  as  it  passes  from  under 
the  annular  ligament  of  the  wrist  towards  the  thumb,  to  cutoff 
the  communication  between  the  diseased  extremities  and  the 
trunk  of  the  nerve,  and  so  put  a  stop  to  the  progress  of  the 
irritation  which  constituted  the  disease. 

That  such  an  operation  might  be  attended  with  success,  was 
not  only  rendered  probable  from-  reasoning,  but  the  performing 
it  was  fully  justified  by  the  success  which  had  been  experienced 
from  a  similar  operation,  in  some  cases  of  the  Tic  douleureux ;  a 
disease,  in  many  respects,  of  the  same  nature  with  the  present. 

All  these  circumstances  were  explained  to  the  patient,  who, 
from  a  desire  of  obtaining  relief  consented  to  have  the  nerve 
divided.  This  was  done  on  the  1st  of  January,  1800,  in  the  fol- 
lowing manner  :  the  nerve,  as  it  passes  from  under  the  annular 
ligament,  towards  the  thumb  and  fore-finger,  was  laid  bare,  for 
above  an  inch  in  length ;  it  was  then  detached  from  its  lateral 
connections,  and,  in  this  exposed  state,  a  probe-pointed  bistoury 
was  passed  behind  it,  and  the  nerve  was  raised  upon  the  edge  of 
the  instrument,  so  as  to  .be  distinctly  seen  by  the  different 
medical  gentlemen  present,  before  it  was  cut  through.  As  soon 
as  it  was  divided,  the  two  cut  ends  retracted  from  one  another, 
to  a  considerable  distance.  This? retraction  was  very  unexpected, 
as  the  nerve  was  disengaged  from  the  cellular  membrane,  and 
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no  other  part  had  been  divided,  whose  action  could  make  the 
portions  of  the  nerve  recede. 

That  nerves,  when  divided,  do  retract,  is  well  known  in  the 
practice  of  surgery ;  but  this  effect  has  been  usually  attributed 
to  the  contraction  of  the  neighbouring  parts,  as  the  cellular 
membrane  and  blood-vessels,  with  which  the  nerves  are  con- 
nected. As  none  of  these  causes  could  produce  the  effect  in  the 
present  instance,  it  was  natural  to  suppose,  that  an  independant 
action  existed  in  the  nerve  itself,  which  had  been  so  much  in- 
creased by  the  influence  of  disease,  as  to  become  unusually  great ; 
and,  therefore,  the  retraction  was  more  distinctly  seen  than  in 
a  healthy  state  of  the  body. 

The  moment  the  nerve  was  divided,  there  was  a  spasm  over 
the  whole  body,  and  a  momentary  insensibility.  The  blood- 
vessels divided  in  the  operation  were  not  secured  by  ligature, 
but  allowed  to  stop  of  themselves,  to  give  the  wound  every 
chance  of  healing  by  the  first  intention.  The  edges  of  the  skin 
were  carefully  brought  together,  and  kept  in  that  state  by 
compress  and  bandage,  to  promote  as  much  as  possible  the 
union. 

For  eight  hours  after  the  operation,  the  parts  were  perfectly 
quiet,  and  there  was  no  spasm.  The  wound  then  began  to  feel 
hot,  as  if  a  red  hot  coal  had  been  applied  to  it.  To  relieve  this 
sensation,  the  outer  bandage  was  loosened,  and  immediately 
there  were  twitches  in  the  nerve,  which  soon  went  off.  The 
patient  felt  himself  generally  unwell,  extremely  nervous,  and 
irritable. 

Fifteen  hours  after  the  operation,  he  had  a  violent  spasm, 
which  went  along  the  arm  to  the  head,  but  did  not  affect  the 
brain.  In  an  hour,  there  was  a  second  attack,  at  which  I  was 
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present ;  the  pulse  was  105  in  a  minute,  the  tongue  white,  a 
great  deal  of  general  irritation,  nervous  twitches  all  over  the 
body,  but  in  the  greatest  degree  in  the  arm  and  leg  of  that  side. 
The  stiff-fronted  glove  was  now  put  on,  to  confine  the  thumb. 

Twenty-four  hours,  or  one  day,  after  the  operation,  the  first 
dressings  were  removed:  the  thumb  was  much  swelled,  and  no 
union  whatever  had  taken  place;  the  spasms  returned  every 
five  hours,  but  were  less  violent. 

The  second  day,  there  was  no  abatement  of  the  symptoms, 
but  the  spasms  did  not  affect  the  brain;  they  were  not  now  stopt 
by  the  pressure  of  the  tourniquet,  as  they  had  been  before  the 
operation. 

The  third  day,  there  were  intervals  of  ten  hours  between 
the  spasms;  and,  in  the  night,  they  did  not  extend  beyond  the 
elbow. 

The  fifth  day,  suppuration  took  place  in  the  wound;  the  swell- 
ing in  the  hand  was  much  abated ;  and  the  patient  was  able  to 
dress  and  shave  without  spasm,  having  only  twitches  in  the 
fingers,  and  tremors  in  the  fore-arm. 

The  sixth  day,  there  was  a  burning  pain  in  the  hand,  and  a 
numbed  heavy  feel  in  the  thumb  and  fore-finger,  similar  to  what 
the  patient  recollected  to  have  felt  four  years  before,  when  he 

t 

hurt  his  thumb. 

The  seventh  day,  the  patient  awoke  with  great  pain  in  the 
hand,  succeeded  by  a  violent  spasm,  whicii  passed  up  to  the  head, 
although  the  tourniquet  had  been  previously  tightened :  afterthis, 
he  had  no  spasm  for  sixteen  hours. 

The  eighth  day,  the  hand  was  less  swoln  and  less  painful ;  and 
he  had  only  two  spasms  in  twenty-four  hours. 

The  ninth  day,  the  swelling  had  subsided,  and  the  tsvitches 
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ceased;  in  thirty  hours,  there  was  only  one  slight  spasm,  which 
did  not  go  beyond  the  wrist. 

The  sixteenth  day,  the  wound  was  intirely  healed ;  and,  as 
there  had  been  no  return  of  spasms,  the  patient  was  considered 
as  well.  »  . 

On  the  twenty-fourth  day,  which  was  a  fortnight  after  the 
spasms  had  ceased,  at  nine  o'clock  in  the  morning,  he  was 
awakened  by  a  violent  spasm,  which  passed  directly  up  to  the 
head,  and  affected  the  brain,  producing  insensibility ;  this  was 
the  only  time  the  brain  had  been  affected  since  the  operation. 

Two  days  previous  to  this  attack,  he  had  a  violent  diarrhoea; 
and,  on  the  preceding  day,  had  undergone  unusual  fatigue. 

The  tourniquet,  which  had  been  laid  aside,  was  now  applied ; 
and,  for  the  greater  security,  two  were  placed  on  the  fore-rarm, 
and  one  upon  the  arm  itself.  At  six  in  the  evening,  there  was 
another  spasm,  attended  by  insensibility,  although  the  tourni- 
quets had  been  tightened.  The., hand  was  found  swelled*  as 
well  as  the  wrist,  and  the  cicatrix  formed  a  hard  welt,  tender  to 
the  touch.  This  hard  state  of  the  cicatrix,  in  which  the  end  of 
the  divided  nerve  was  included,  appeared  to  be  a  probable  cause 
of  the  return  of  the  spasmodic  attacks. 

The  twenty-fifth  day,  the  pulse  was  100  in  a  minute ;  and, 
every  two  hours,  there  were  slight  spasms. 

The  twenty-sixth  day,  there  were  eleven  spasms,  at  irregular 
intervals,  in  twenty-four  hours,  eight  of  which,  went  up  as  high 
as  the  head.  As  the  spasms  were  not  stopped  by  the  tourniquet, 
as  before,  it  was  proposed  to  make  the  pressure  directly  upon 
the  nerve :  this  was  done  by  placing  pieces  of  cork  in  the  course 
of  the  nerve,  and  confining  them  there  by  the  band  of  the  tour- 
niquet, so  that,  when  the  screw  was  tightened,  the  cork  was 
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pressed  down  on  the  nerve.  This  pressure  gave  great  pain, 
and,  instead  of  arresting  the  progress  of  the  spasms,  seemed 
rather  to  increase  their  violence ;  it  was  therefore  left  off! 

The  twenty-seventh  day,  the  pulse  was  only  between  80 
and  go  in  a  minute ;  there  were  seven  spasms,  all  of  which 
were  arrested  by  the  first  or  second  tourniquet. 

The  spasms  went  on,  with  very  little  variation,  till  the  39th 
day  at  six  o'clock  in  the  morning,  when  he  was  seized  in  his 
sleep  with  a  violent  spasm,  attended  with  insensibility,  and  con- 
vulsions over  the  whole  body  :  these  lasted  for  twenty  minutes. 
After  his  recovery,  the  hand  was  found  much  swoln,  and  the 
welt  formed  by  the  cicatrix  was  painful.  In  the  course  of  the 
forenoon  he  was  well  enough  to  bear  going  out  in  the  carriage; 
the  fresh  air  always  proving  very  grateful  to  him. 

From  this  time,  the  swelling  of  the  hand  and  the  hardness 
of  the  welt  diminished ;  and  the  spasms  were  less  violent,  and 
seldomer.  On  the  4.5th  day,  there  was  only  one  slight  spasm 
•  in  twenty-six  hours.  In  this  state  he  went  into  the  country  ; 
and,  for  the  first  fortnight,  the  spasms  diminished,  but  after- 
wards became  more  violent. 

The  return  of  the  spasms  after  the  wound  had  been  healed, 
made  it  evident,  that  the  operation  of  dividing  the  nerve  had  not 
answered  the  purpose  which  was  expected  from  it.  The  failure 
probably  arose  from  the  wound  not  healing  by  the  first  inten- 
tion :  the  consequent  inflammation  rendered  the  cut  end  of  the 
nerve  uncommonly  irritable;  and,  in  this  state,  the  confinement 
in  the  hard  thickened  cicatrix,  rendered  it  liable  to  be  stretched 
by  every  motion  of  the  thumb,  so  as  to  bring  on  spasmodic 
contractions. 

From  this  time,  the  patient  was  not  under  my  direction ;  but 

MDCdCI.  C 

* 

Digitized  by  Google 


io  Mr.  Home's  Lecture 

I  understood,  that  he  tried  the  effect  of  large  doses  of  opium, 
which  did  not  afford  relief.  He  was  then  induced  to  employ 
electricity,  which  was  also  unsuccessful ;  and  he  died  in  a  fit, 
which  at  the  time  was  believed  to  be  apoplexy,  about  five 
months  after  the  operation  had  been  performed ;  but,  as  the  body 
was  not  examined,  the  nature  of  the  fit  could  not  be  ascertained. 

In  this  case,  some  of  the  branches  of  the  median  nerve  had 
acquired,  from  disease,  an  unnatural  power  of  contraction,  which 
was  made  evident  by  the  operation ;  and  there  is  every  reason 
to  believe,  that  the  spasmodic  attacks  which  took  place,  were 
in  reality  convulsive  motions  in  the  nerves  themselves,  which 
excited  corresponding  contractions  in  those  muscles  that  were 
under  their  influence. 

This  case  naturally  occupied  my  mind ;  and  I  could  not  avoid 
dw  elling  upon  many  of  the  extraordinary  symptoms  which  made 
a  part  of  it ;  but  nothing  so  impressed  itself  upon  me,  as  the  re- 
traction that  took  place  in  the  cut  ends  of  the  nerve,  at  the  time 
of  the  operation. 

The  first  idea  which  suggested  itself  was,  to  endeavour  to 
ascertain  whether  this  retraction  arose  from  an  increase  of  a 
natural  action  in  the  nerve,  or  from  one  newly  acquired,  pro- 
duced by  disease. 

With  a  view  to  ascertain  this  point,  different  experiments 
were  instituted.  The  object  of  these  was,  to  determine  whe- 
ther a  similar  contraction  took  place  in  nerves,  when  divided 
in  a  healthy  state  of  the  body ;  the  extent  of  such  contraction, 
if  any  occurred ;  and  the  circumstances  by  which  it  may  be 
influenced. 

For  the  first  of  these  purposes,  the  following  experiments 
were  made. 
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Exper.  l.  The  cutaneus  internus  nerve  of  the  fore  leg  of  a 
young  rabbit  was  laid  bare,  where  it  passes  down  before  the 
biceps  flexor  cubiti  muscle :  the  nerve  was  disengaged  from  its 
lateral  attachments;  and,  while  the  limb  was  in  a  moderately 
extended  state,  a  probe-pointed  bistoury  was  passed  behind  it,  by 
which  means  it  was  divided  transversely.  The  two  ends  immedi- 
ately receded  from  each  other :  the  upper  portion  apj)eared  to 
retract  more  than  the  other,  and  the  end  lay  close  to  the  mus- 
cle, in  a  straight  line,  while  the  end  of  the  lower  portion  was  a 
little  bent  to  one  side.  The  space  between  them,  when  mea- 
sured by  a  pair  of  compasses,  was  found  to  be  |  of  an  inch. 

The  branch  of  the  musculo-cutancus  nerve,  which  lies  near 
to  the  cutaneus  internus,  was  divided  in  the  same  manner;  and 
the  retraction  of  the  cut  ends  was  found  to  have  been  to  the 
same  extent. 

In  this  experiment,  the  limb  was  extended,  although  by  no 
means  to  its  utmost  limits ;  it  therefore  became  a  question,  whe- 
ther the  same  degree  of  retraction  would  take  place  in  the  bent 
state  of  the  limb. 

To  determine  this  point,  the  experiment  was  repeated,  after 
an  interval  of  four  days,  upon  the  other  fore  leg  of  the  same 
rabbit,  with  the  limb  in  the  bent  state :  the  retraction,  how- 
ever, was  found  to  have  been  exactly  to  the  extent  of  %  of 
an  inch.  '  n        '  -j 

From  this  experiment,  made  under  these  different  circum- 
stances, a  retraction  of  the  cut  ends  of  a  divided  nerve  was  as- 
certained to  take  place,  which  led  to  the  further  prosecution  of 
the  inquiry. 

For  this  purpose,  the  phrenic  nerve  iiT  the  horse  was  selected, 

as  being  more  favourable,  in  many  respects,  than  most  others 
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in  the  body,  both  from  its  superficial  situation  in  the  chest,  and 
its  great  extent  without  giving  off  any  branches. 

In  making  experiments  of  this  nature,  it  is  an  advantage 
that  the  animal  should  be  of  a  large  size ;  and  the  mode  in 
which  horses  are  killed  in  London,  affords  an  opportunity  of 
experiments  being  made  on  that  animal,  without  giving  the 
operator  the  painful  sensations  of  having  made  any  addition  to 
its  sufferings. 

As  horses  are  killed  at  stated  times  only,  and  these  occur  in 
a  part  of  the  day  which  is  necessarily  occupied  by  my  profes- 
sional engagements,  the  following  experiments  were  made  by 
Mr.  Clift,  the  Conservator  of  the  Hunterian  Museum,  whose 
accuracy  may  be  relied  upon,  as  well  as  his  abilities  in  con- 
ducting them,  having  been  early  initiated,  and  long  experi- 
enced, in  inquiries  of  this  nature. 

Exper.  a.  Immediately  upon  a  horse  having  been  knocked 
down,  the  thorax  was  laid  open,  and  the  phrenic  nerve  of  the 
right  side,  passing  round  the  pericardium,  was  exposed.  It  was 
nearly  of  the  size  of  a  crow-quill,  and  slightly  connected  with 
the  pericardium.  In  this  state,  the  point  of  one  blade  of  a  pair  of 
scissars  was  passed  under  the  nerve;  and,  by  closing  them,  the 
nerve  was  transversely  divided,  without  the  smallest  disturb- 
ance to  its  lateral  connections.  The  two  cut  ends  immediately 
retracted  from  each  other,  leaving  the  space  of  one  inch  be- 
tween their  extremities. 

This  experiment  was  repeated  upon  a  second  horse;  and  the 
retraction  of  the  cut  ends  of  the  nerve  was  found  to  be  exactly 
one  inch. 

It  was  repeated  upon  a  third  horse;  and  the  retraction  was 
found  to  be  nearly  two  inches.  In  measuring  the  space  between 
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the  two  ends  of  the  nerve,  the  compasses  accidentally  touched 
the  lower  portion,  and  the  diaphragm  was  immediately  thrown 
into  action. 

The  result  of  this  experiment,  not  only  confirmed  the  for- 
mer, which  had  been  made  upon  the  rabbit,  but  it  proved  in 
the  most  satisfactory  manner,  that  any  action  the  nerves  are  ca- 
pable of  exciting,  is  nearly  as  strong  after  apparent  death  has 
taken  place  from  a  violence  committed  upon  the  brain,  as  while 
the  animal  is  in  perfect  health. 

Monsieur  Portal,  in  a  paper  on  a  new  mode  of  perform- 
ing the  operation  of  amputation,  published  in  the  Memoirs  of 
the  Academy  of  Sciences  for  the  year  1773,  mentions  an  expe- 
riment made  on  the  sciatic  nerve  of  a  dog,  in  proof  of  nerves 
not  having  a  power  of  retraction,  at  least  none  deserving  of 
notice.* 

This  experiment  was  repeated  by  Mr.  Clift,  on  the  sciatic 
nerve  of  a  rabbit.  Immediately  on  dividing  the  nerve,  the  cut 
ends  receded  from  one  another :  but,  that  the  result  might  be 
exactly  ascertained,  the  rabbit  was  killed  half  an  hour  after  the 
experiment  was  made;  the  parts  were  carefully  dissected,  and 
the  space  between  the  two  cut  ends  measured;  which  was 
exactly      of  an  inch. 

To  ascertain  whether  this  retraction  was  the  consequence  of 
a  change  taking  place  in  the  nerve  itself,  or  arose  from  any 
other  cause,  the  following  experiment  was  made. 

Exper.  3.  As  soon  as  a  horse  was  knocked  down,  the  chest  was 
laid  open,  and  the  phrenic  nerve  of  the  right  side  was  exposed.: 
twelve  inches  in  length  were  immediately  measured  by  a  pair 

•  Mcmoirc  sur  unc  uouvclle  mcthode  rie  pratiqucr  i'Amputation  des  Extrcmitcs. 
par  M.  Portal.  Histoire  r/e  r Academic  des  Sciences,  1773.  p.  542. 
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of  compasses  ;  and  the  limits  of  this  portion  were  marked  by  a 
small  pin,  passed  transversely  through  the  substance  of  the 
nerve.  The  part  included  between  the  two  pins  was  then  se- 
parated from  the  rest  of  the  nerve,  in  the  following  manner. 
The  person  who  was  to  divide  the  nerve  had  a  pair  of  scissars 
in  each  hand  ;  and,  having  passed  the  point  of  one  of  the  blades 
under  the  nerve,  above  the  upper  pin,  and  having  done  the  same 
with  a  blade  of  the  other  pair  of  scissars,  below  the  lower  pin, 
the  two  pair  of  scissars  were  shut  at  the  same  moment,  and 
the  nerve  at  these  two  parts  cut  through. 

This  portion  was  again  measured,  and,  instead  of  being 
twelve  inches,  was  now  only  eleven  and  £ ;  so  that  the  irritation 
produced  by  dividing  it,  had  made  it  contract  J  of  an  inch. 

This  experiment  was  repeated  upon  several  horses;  and  in 
all  of  these  repetitions  there  was  a  contraction  produced :  this 
varied  in  the  different  experiments,  and  in  some  of  them  was 
only  f  ths  of  an  inch.  When  the  nerve  was  divided  very  early 
after  the  animal  had  been  knocked  down,  it  was  the  greatest ; 
and,  in  proportion  to  the  delay  that  took  place,  so  was  the  di- 
minution in  the  degree  of  the  contraction. 

In  these  experiments,  the  nerve,  as  well  as  the  surrounding 
parts,  was  disturbed  as  little  as  possible,  that  the  results  might 
be  the  more  readily  and  more  accurately  ascertained:  this, 
however,  makes  them  liable  to  an  objection,  which  is,  that  the 
contraction  might  be  produced  by  the  cellular  membrane  sur- 
rounding the  nerve;  an  objection  which  certainly  can  have  little 
weight  in  the  peculiar  situation  of  the  phrenic  nerve,  as  it  lies 
between  the  pleura  and  pericardium,  where  the  cellular  mem- 
brane can  have  little  influence  over  it,  while  the  pericardium  is 
left  entire. 
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As,  however,  the  opinion  of  the  cellular  membrane  being 
the  agent  by  which  the  retraction  of  divided  nerves  is  produced, 
has  been  very  generally  received,  it  was  highly  proper  to  attend 
to  that  circumstance,  and  Iiave  the  experiment  made  in  such  a 
way  as  to  prevent  any  other  surrounding  part  from  acting  upon 
the  nerve ;  with  this  view,  the  following  experiment  was  made. 

Exper.  4.  The  pleura  was  removed  from  twelve  inches  of  the 
phrenic  nerve  of  a  horse ;  and  afterwards  the  attachments  be- 
tween the  nerve  and  pericardium  were  completely  divided: 
under  these  circumstances,  this  portion  of  nerve  was  separated, 
as  in  the  last  experiment.  This  portion  was  again  measured, 
three  hours  after,  in  its  detached  state,  and  it  was  found  to 
have  lost  |ths  of  an  inch  in  length.  The  horse  was  twenty 
years  old,  and  was  killed  on  account  of  its  age,  which  rendered 
it  by  no  means  a  favourable  subject  for  such  an  experiment. 

With  a  view  to  determine  whether  the  power  of  contraction 
in  a  nerve  continued  for  any  length  of  time  after  apparent  death 
had  taken  place,  and  also  to  ascertain  what  proportion  of  elas- 
ticity a  nerve  possesses,  (for  every  part  of  an  animal  body  that 
is  not  rigid,  appears  to  be  endowed  with  it  in  a  greater  or  less 
degree,)  the  following  experiment  was  made. 

Exper.  5.  Eighteen  inches  in  length  of  the  phrenic  nerve 
were  measured,  and  separated  by  means  of  scissars :  the  con- 
traction produced  was  only  £  of  an  inch;  the  experiment  being 
made  nearly  an  hour  after  the  horse  was  knocked  down.  Upon 
being  stretched  with  force,  it  elongated  to  18  \  inches ; 
and,  on  being  left  to  itself,  retracted  to  17  It  was  kept 
till  next  day,  and  again  measured,  when  it  was  only  1 7  J- :  upon 
being  stretched,  it  was  elongated  to  18  £;  but,  immediately 
on  being  left  to  itself,  it  retracted  to  eighteen  inches. 
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This  experiment  was  repeated  upon  another  horse;  and  the 
result  was  similar,  both  with  respect  to  the  contraction  which 
took  place  after  the  nerve  had  been  removed  from  the  body, 
and  the  elongation  which  depended  upon  elasticity. 

To  ascertain  if  there  was  any  difference  in  the  appearance  of 
a  nerve  when  contracted,  from  one  in  a  relaxed  state,  the  fol- 
lowing comparison  was  made. 

Exper.  6.  A  portion  of  the  phrenic  nerve,  about  eight  inches 
long,  was  removed  immediately  after  the  horse  had  been 
knocked  down.  This  was  allowed  to  contract ;  and,  after  it  had 
remained  quiet  for  twenty-four  hours,  its  external  surface  was 
exposed  by  dissection,  so  that  the  appearance  of  its  fibres  could 
be  distinctly  seen.  A  portion  of  the  same  length  was  removed 
from  another  horse  who  died  a  natural  death,  and  these  were 
compared  together. 

The  difference  in  the  appearance  of  these  two  portions  was 
very  great :  in  the  contracted  nerve,  the  fibres  were  all  ser- 
pentine ;  in  the  other,  they  were  straight.  The  annexed  plate, 
(see  Plate  I.)  in  which  they  are  represented,  shows  very  cor- 
rectly, the  great  contrast  which  they  exhibited. 

The  serpentine  transverse  lines  described  by  Monro,  appear 
to  be  an  effect  of  this  contraction  of  the  nerve ;  as  they  disap- 
pear when  the  nerve  is  relaxed  or  elongated.*  These  ser- 
pentine lines  in  the  phrenic  nerve,  in  a  man  who  died  of  a 
locked  jaw,  when  examined  twenty-four  hours  after  death,  were 
much  more  distinct  and  regular  than  in  the  phrenic  nerve  of  a 
man  who  died  of  a  mortification  of  his  arm. 

•  *«  When  the  nerve  is  fully  relaxed,  these  serpentine  transverse  lines  are  best  seen ; 
when  the  nerve  is  moderately  stretched,  they  are  much  less  evident ;  when  the  nerve 
'  is  greatly  stretched,  beyond  what  it  ever  is  in  a  living  sound  animal,  it  appears 
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These  experiments,  upon  so  large  an  animal  as  the  horse, 
made  by  a  person  well  qualified  for  the  purpose,  and  repeated 
sufficiently  often  to  preclude  any  material  fallacy,  admit  of  the 
following  conclusions  being  drawn  from  them. 

1.  That  the  nerves  of  an  animal  in  health  are  capable 
of  retracting  themselves  when  divided;  and  that  this  effect 
is  intirely  independent  of  the  parts  by  which  they  are 
surrounded. 

2.  That  this  contraction  takes  place  in  the  nervous  fibres 
themselves ;  and  is  independent  of  the  brain,  from  which  they 
originate,  and  of  the  muscles  and  other  parts  in  which  they 
terminate. 

3.  That  the  contracted  nerve  exhibits  to  the  eye  an 
appearance  of  contraction  in  its  fibres,  not  to  be  seen  when  it 
is  in  a  relaxed  state. 

As  the  nerves  are  so  readily  influenced  by  electricity,  in  ex- 
citing the  muscles  to  action,  it  naturally  suggested  itself,  that 
some  further  information  might  be  obtained  in  the  present 
investigation,  by  means  of  experiments  made  upon  the  nerves 
by  the  electric  fluid.  With  this  view,  the  following  experi- 
ments were  instituted;  and  Mr.  Carpue  very  obligingly  assisted 
Mr.  Clift  in  making  them,  and  carried  one  of  Mr.  Cuth- 
bertson's  large  plate-glass  electrical  machines  to  the  slaughter- 
house, for  that  purpose. 

Exper.  7.  A  portion  of  the  phrenic  nerve,  twelve  inches  long, 
was  exposed,  and  divided  at  both  ends,  as  in  the  former  expe- 

unifot  m  in  its  colour  and  consistence.— Hence  these  lines,  are  in  thejirst  place,  to  be 
considered  as  foids  or  joints  in  the  nerve,  and  may  be  compared  to  the  lines  in  the 
palm  of  the  hand,  serving  to  accommodate  the  nerve  to  the  different  states  of  flexion 

and  extension."  (In  a  note,)  "  By  soaking  in  water,  this  appearance  is  lost." 

Monro  oh  tkt  Ktrvous  System,  p.  39. 
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riments.  When  it  had  contracted  to  1 1  \,  a  strong  electric 
shock  was  passed  along  its  substance,  from  one  end  to  the 
other ;  but,  when  measured  again,  the  length  was  exactly  the 
same.  The  portion  of  nerve  was  then  dissected  out,  and  laid 
upon  a  piece  of  glass ;  in  its  detached  state,  it  measured  1 1  ■§-. 
Several  strong  electric  shocks  were  passed  through  it,  in  the 
direction  of  its  fibres ;  but  they  did  not  produce  the  smallest 
effect  upon  it. 

This  experiment  was  repeated  upon  another  horse,  and  the 
result  was  the  same. 

Exper.  8.  Half  an  hour  after  a  horse  had  been  knocked  down, 
24  inches  in  length  of  the  nerve  called  par  vagum  were  laid 
bare,  and  a  portion  of  it  detached  from  its  lateral  connections, 
so  that  a  piece  of  glass,  1 2  inches  long,  was  admitted  under  it, 
without  dividing  the  nerve  from  the  trunk;  in  this  state,  elec- 
.  trie  sparks  were  drawn  from  it,  and  several  strong  electric 
shocks  passed  through  it ;  but  there  was  not  the  smallest  change 
to  be  perceived,  either  in  its  length  or  appearance. 

From  these  experiments  it  appeared,  that  when  the  nerve 
had  contracted  itself,  in  consequence  of  being  divided,  no 
increase  of  that  contraction  was  produced  by  the  electric  fluid. 

To  ascertain  whether  electricity  was  capable  of  exciting 
contraction  in  a  nerve  that  had  not  been  previously  irritated,  the 
following  experiment  was  made. 

Exper.  9.  Twelve  inches  of  the  phrenic  nerve  were  measured ; 
and  the  limits  of  that  portion  marked,  by  pins  stuck  through 
the  nerve.'  This  portion  of  nerve,  in  its  relaxed  undisturbed 
state,  had  electric  shocks  passed  along  its  substance ;  but  these 
were  found,  upon  measuring  the  portion  of  nerve,  to  have 
produced  no  contraction  in  its  length.  When  this  portion  was 


Digitized  by  Google 


on  the  Irritability  of  Nerves.  19 

separated,  as  in  the  former  experiments,  it  contracted  to  11  £ 
inches ;  a  diminution  of  £  of  an  inch. 

The  electric  fluid,  in  this  last  experiment,  excited  the  action 
of  the  diaphragm,  but  produced  no  evident  or  permanent  con- 
traction of  the  nerve ;  and,  when  the  nature  of  the  contraction 
of  a  nerve  is  considered,  it  is  not  to  be  expected  that  perma- 
nent contraction  can  be  ascertained,  in  any  other  way  than  by 
separating  intirely  a  portion  of  nerve  from  the  rest  of  the 
system.  For  the  action  is  continued  in  tremors  along  the  nerve, 
in  quick  succession ;  and,  when  the  muscle  has  been  excited  to 
contract,  the  complete  action  of  the  nerve  is  finished,  and  it 
immediately  relaxes,  or  returns  to  that  state  which  admits  of 
a  new  action. 

This  appeared  to  be  the  case  in  several  experiments  made 
upon  the  nerves  of  frogs,  and  of  quadrupeds  of  a  higher  order, 
by  two  different  metals,  as  described  by  Galvani.  In  all  of 
them,  there  was  a  convulsion  of  the  muscle,  and  a  tremor  in 
the  nerve ;  but,  such  was  the  rapidity  of  the  effect,  that  it  could 
not  be  decided  that  any  motion  took  place  in  the  nerve,  ex- 
cept what  arose  from  the  agitation  produced  by  the  action  of 
the  muscle. 

The  experiments  and  observations  which  have  been  related, 
appear  to  illustrate  an  action  in  the  nervous  chords,  capable  of 
producing  the  symptoms  which  occurred  in  the  case  related  in 
the  former  part  of  this  paper,  and  also  those  met  with  in  many 
other  diseases,  the  symptoms  of  which  have  never  been  satis- 
factorily explained. 

The  hypothesis  of  a  nervous  fluid,  although  it  may  explain 
every  symptom  which  originates  in  the  brain,  and  from  thence 
pervades  any  part  of  the  system,  and  every  symptom  which 
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begins  in  the  extreme  parts  and  goes  to  the  brain,  does  not 
give  a  satisfactory  solution  of  those  nervous  agitations  brought 
upon  an  extreme  part,  which  only  proceed  for  some  way  in  the 
course  of  a  nerve,  and  are  there  arrested,  without  being  allowed 
to  proceed  to  the  brain. 

The  circumstance  of  nerves  having  been  divided,  and  their 
functions  being  restored  twelve  or  twenty-four  months  after, 
when  the  two  cut  ends  have  been  united  by  a  new  substance, 
is  a  strong  argument  against  the  circulation  of  a  nervous  fluid ; 
since  no  such  effect  takes  place  in  the  pervious  canals  of  the  body. 

In  many  diseases,  there  are  symptoms  so  decidedly  confined 
to  the  course  of  the  nervous  chords,  that  an  impartial  observer 
would  be  unable  to  account  for  them,  in  any  other  way  than 
by  supposing  them  to  arise  from  some  action  in  the  nerves 
themselves. 

This  idea  must  have  been  strongly  impressed  upon  the  mind 
of  Dr.  Mead,  who,  in  treating  of  his  third  sort  of  Quincy, 
says,  all  the  nerves  are  convulsed,  and  the  patient  drops  down 
dead  suddenly.* 

The  Tic  douleureux  is  a  remarkable  instance  of  this  kind, 
both  in  the  circumstances  under  which  the  spasmodic  tremors 
are  brought  on,  and  the  manner  in  which  they  are  propagated 
along  the  nerve. 

In  one  case  of  this  disease,  in  which  the  operation  of  dividing 
the  nerve  was  performed,  with  a  view  to  remove  the  complaint, 
union  by  the  first  intention  did  not  take  place ;  and,  during 
the  time  the  wound  was  open,  the  inflamed  state  of  the  cut  end 
of  the  nerve,  made  the  patient  liable  to  several  attacks  of  the 
disease,  similar  to  those  he  experienced  before  the  operation ; 

•  Mka»'«  Pnecepta  Medica.  Quarto,  p.  434. 
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but  there  was  no  recurrence  of  them  after  the  wound  was  com- 
pletely healed. 

This  is  a  very  important  fact ;  as  it  proves  that  inflammation 
on  the  cut  end  of  a  nerve,  while  in  an  irritable  state,  is  capable 
of  producing  exactly  the  same  symptoms  as  the  original  disease. 
This  effect  of  inflammation  upon  the  end  of  a  nerve,  explains 
the  startings  of  the  limb  which  occur  too  frequently  after  ampu- 
tation. 

These  most  commonly  are  met  with  when  the  limb  is  taken 
off  above  t\]e  knee,  and  the  nerves  and  vessels  have  been  pre- 
viously inflamed  higher  than  the  part  at  which  they  were 
divided;  and  where  the  nerve  is  confined  by  the  thickened 
state  of  the  surrounding  parts. 

The  same  fact  also  explains  the  cause  of  locked  jaw,  when 
it  is  produced  by  a  wound  or  bruise  upon  a  nerve,  in  a  con- 
stitution either  rendered  irritable  by  climate,  or  naturally  so ; 
also  where  the  nerve  itself  becomes  diseased,  in  consequence  of 
the  accident. 

The  following  case  of  locked  jaw,  from  an  injury  to  the 
thumb,  bears  so  great  a  resemblance  to  the  case  related  in  the 
beginning  of  this  paper,  as  to  show  that  the  diseases  must  be 
nearly  allied. 

A  lady  of  a  very  irritable  habit  was  overturned  in  her  car- 
riage, and  hurt  her  thumb,  which  swelled  very  much ;  and  the 
skin  over  the  metacarpal  bone  of  the  fore-finger,  about  the  size 
of  a  shilling,  sloughed  off.  No  symptoms  came  on  for  four- 
teen days  after  the  accident,  when,  upon  bending  her  fingers, 
violent  spasms  took  place  in  the  thumb,  which  proceeded  up  to 
t^e  neck  and  lower  jaw ;  these  were  exceedingly  painful,  and 
the  jaw  was  so  much  shut  as  hardly  to  admit  a  tea-spoon.  In 
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fourteen  days  more,  the  jaw  began  to  open ;  and,  for  a  month 
longer,  there  were  only  two  or  three  spasms  daily  in  the  thumb, 
attended  with  pain ;  these  went  up  the  arm  to  the  jaw.  At 
the  end  of  that  period,  the  sore  on  the  back  of  the  hand  healed, 
and  she  recovered  perfectly  from  the  spasmodic  affections. 

To  enter  further  into  the  histories  of  cases  which  afford 
evidence  of  a  morbid  action  in  the  nerves,  would  be  trespas- 
sing too  far  upon  this  learned  Society,  and  would  render  the 
present  Paper  an  inquiry  into  medical  facts,  which  is  only 
intended  to  be  an  investigation  of  the  natural  actions  of  the 
nervous  fibres,  illustrated  by  the  phenomena  which  occur  while 
these  chords  are  under  the  influence  of  disease. 

EXPLANATION  OF  THE  FIGURES.     (See  Plate  I.) 

Fig.  i.  A  portion  of  the  phrenic  nerve  of  the  horse,  as  it 
appears  when  in  a  contracted  state. 

Fig.  2.  The  same,  as  it  is  seen  when  magnified. 

Fig.  3.  A  portion  of  the  phrenic  nerve  of  the  horse,  as  it 
appears  when  elongated,  or  in  the  state  of  complete  relaxation. 
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II.  The  Bakerian  Lecture.  On  the  Mechanism  of  the  Eye.  By 
Thomas  Young,  M.  D.  F.  R.  S. 

/ 

Read  November  27,  1800. 

L  In  the  year  1793,  I  had  the  honour  of  laying  before  the 
Royal  Society,  some  observations  on  the  faculty  by  which  the 
eye  accommodates  itself  to  the  perception  of  objects  at  different 
distances.*   The  opinion  which  I  then  entertained,  although  it 
had  never  been  placed  exactly  in  the  same  light,  was  neither  so 
new,  nor  so  much  forgotten,  as  was  supposed  by  myself,  and 
by  most  of  those  with  whom  I  had  any  intercourse  on  the  sub- 
ject. Mr.  Hunter,  who  had  long  before  formed  a  similar  opi- 
nion, was  still  less  aware  of  having  been  anticipated  in  it,  and 
was  engaged,  at  the  time  of  his  deajh,  in  an  investigation  of  the 
facts  relative  to  it;  +  an  investigation  for  which,  as  far  as 
-  physiology  was  concerned,  he  was  undoubtedly  well  qualified. 
Mr.  Home,  with  the  assistance  of  Mr.  Ramsden,  whose  recent 
loss  this  Society  cannot  but  lament,  continued  the  inquiry 
which  Mr.  Hunter  had  begun ;  and  the  results  of  his  experi- 
ments appeared  very  satisfactorily  to  confute  the  hypothesis  of 
the  muscularity  of  the  crystalline  lens.  J    I  therefore  thought 
it  incumbent  on  me,  to  take  the  earliest  opportunity  of  testify- 
ing my  persuasion  of  the  justice  of  Mr.  Home's  conclusions, 
which  I  accordingly  mentioned  in  a  Dissertation  published  at 

•  Phil.  Trans,  for  1793,  p.  169.  f  Phil.  Trans,  for  1794,  p.  21. 
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Digitized  by  Google 


24  Dr.  Young's  Lecture 

Gottingen  in  1796,*  and  also  in  an  Essay  presented  last  year 
to  this  Society .+  About  three  months  ago,  I  was  induced  to 
resume  the  subject,  by  perusing  Dr.  Porterfield's  paper  on 
the  internal  motions  of  the  eye ;  J  and  I  have  very  unexpectedly 
made  some  observations,  which  I  think  I  may  venture  to  say, 
appear  to  be  finally  conclusive  in  favour  of  my  former  opinion, 
as  far  as  that  opinion  attributed  to  the  lens  a  power  of  changing 
its  figure.  At  the  same  time,  I  must  remark,  that  every  per- 
son who  has  been  engaged  in  experiments  of  this  nature,  will 
be  aware  of  the  extreme  delicacy  and  precaution  requisite,  both 
in  conducting  them,  and  in  drawing  inferences  from  them ;  and 
will  also  readily  allow,  that  no  apology  is  necessary  for  the 
fallacies  which  have  misled  many  others,  as  well  as  myself,  in 
the  application  of  those  experiments  to  optical  and  physiolo- 
gical determinations. 

II.  Besides  the  inquiry  respecting  the  accommodation  of  the 
eye  to  different  distances,  I  shall  have  occasion  to  notice  some 
other  particulars  relative  to  its  functions ;  and  I  shall  begin 
with  a  general  consideration  of  the  sense  of  vision.  I  shall 
then  enumerate  some  dioptrical  propositions  subservient  to  my 
purposes,  and  describe  an  instrument  for  readily  ascertaining 
the  focal  distance  of  the  eye.  On  these  foundations,  I  shall 
investigate  the  dimensions  and  refractive  powers  of  the  human 
eye  in  its  quiescent  state ;  and  the  form  and  magnitude  of  the 
picture  which  is  delineated  on  the  retina.  I  shall  next  inquire, 
how  great  are  the  changes  which  the  eye  admits,  and  what 
degree  of  alteration  in  its  proportions  will  be  necessary  for 
these  changes,  on  the  various  suppositions  that  are  principally 

•  De  Corporis  humani  Viribus  conservatricibus,  p.  68. 
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deserving  of  comparison.  I  shall  proceed  to  relate  a  variety  of 
experiments  which  appear  to  be  the  most  proper  to  decide  on 
the  truth  of  each  of  these  suppositions,  and  to  examine  such 
arguments  as  have  been  brought  forwards,  against  the  opinion 
which  I  shall  endeavour  to  maintain;  and  I  shall  conclude  with 
some  anatomical  illustrations  of  the  capacity  of  the  organs 
of  various  classes  of  animals,  for  the  functions  attributed  to 
them. 

III.  Of  all  the  external  senses,  the  eye  is  generally  supposed 
to  be  by  far  the  best  understood;  yet  so  complicated  and  so 
diversified  are  its  powers,  that  many  of  them  have  been  hitherto 
uninvestigated;  and  on  others,  much  laborious  research  has  been 
spent  in  vain.  It  cannot  indeed  be  denied,  that  we  are  capable 
of  explaining  the  use  and  operation  of  its  different  parts,  in  a 
far  more  satisfactory  and  interesting  manner  than  those  of  the 
ear,  which  is  the  only  organ  that  can  be  strictly  compared  with 
it;  since,  in  smelling,  tasting,  and  feeling,  the  objects  to  be  ex- 
amined come  almost  unprepared  into  immediate  contact  with 
the  extremities  of  the  nerves;  and  the  only  difficulty  is,  in  con- 
ceiving the  nature  of  the  effect  produced  by  them,  and  its  com- 
munication to  the  sensorium.  But  the  eye  and  the  ear  are 
merely  preparatory  organs,  calculated  for  transmitting  the  im- 
pressions of  light  and  sound  to  the  retina,  and  to  the  termina- 
tion of  the  soft  auditory  nerve.  In  the  eye,  light  is  conveyed  to 
the  retina,  without  any  change  of  the  nature  of  its  propagation: 
in  the  ear,  it  is  very  probable,  that  instead  of  the  successive  motion 
of  different  parts  of  the  same  elastic  medium,  the  small  bones 
transmit  the  vibrations  of  sound,  as  passive  inelastic  hard  bodies, 
obeying  the  motions  of  the  air  in  their  whole  extent  at  the  same 
instant.  In  the  eye,  we  judge  very  precisely  of  the  direction  of 
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light,  from  the  part  of  the  retina  on  which  it  impinges :  in  the 
ear,\vehave  no  other  criterion  than  the  slight  difference  of  motion 
in  the  small  bones,  according  to  the  part  of  the  tympanum  on 
which  the  sound,  concentrated  by  different  reflections,  first 
strikes;  hence,  the  idea  of  direction  is  necessarily  very  indistinct, 
and  there  is  no  reason  to  suppose,  that  different  parts  of  the 
auditory  nerve  are  exclusively  affected  by  sounds  in  different 
directions.  Each  sensitive  point  of  the  retina  is  capable  of  re- 
ceiving distinct  impressions,  as  well  of  the  colour  as  of  the 
strength  of  light;  but  it  is  not  absolutely  certain,  that  every 
part  of  the  auditory  nerve  is  capable  of  receiving  the  impression 
of  each  of  the  much  greater  diversity  of  tones  that  we  can  dis- 
tinguish ;  although  it  is  extremely  probable,  that  all  the  different 
parts  of  the  surface  exposed  to  the  fluid  of  the  vestibule,  are 
more  or  less  affected  by  every  sound,  but  in  different  degrees 
and  succession,  according  to  the  direction  and  quality  of  the 
vibration.  Whether  or  no,  strictly  speaking,  we  can  hear  two 
sounds,  or  see  two  objects,  in  the  same  instant,  cannot  easily  be 
determined;  but  it  is  sufficient,  that  we  can  do  both,  without  the 
intervention  of  any  interval  of  time  perceptible  to  the  mind ; 
and  indeed  we  could  form  no  idea  of  magnitude,  without  a  com- 
parative, and  therefore  nearly  cotemporary  perception  of  two 
or  more  parts  of  the  same  object.  The  extent  of  the  field  of 
perfect  vision  for  each  position  of  the  eye,  is  certainly  not  very 
great ;  but  it  will  appear  hereafter,  that  its  refractive  powers  are 
calculated  to  take  in  a  moderately  distinct  view  of  a  whole 
hemisphere  :  the  sense  of  hearing  is  equally  perfect  in  almost 
every  direction. 
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IV.  DIOPTRICAL  PROPOSITIONS. 

Proposition  I.  Phenomenon. 

In  all  refractions,  the  ratio  of  the  sine  of  the  angle  of 
incidence  to  the  sine  of  the  angle  of  refraction  is  constant. 
(Newton's  Opt.  I.  Ax.  5.  Smith's  Opt.  13.  Wood's  Opt.  24.) 

Scholium  1.  We  shall  call  it  the  ratio  of  «ttow=pi,  and 
1,  n.   In  refractions  out  of  air  into  water,  m,=  4and  n 
=  3,  very  nearly ;  out  of  air  into  glass,  the  ratio  is  nearly  that 
of  3  to  2. 

Scholiums.  According  to  Barrow,  (Lect.  Opt. ii.  4.)  Huygens, 
Euler,  (Conject.  pbys.  circa  prop,  soni  et  luminis.  Opusc.  t.  ii.) 
and  the  opinion  which  I  lately  submitted  to  the  Royal  Society, 
(Phil.  Trans,  for  1800.  p.  128,)  the  velocity  of  light  is  the  greater 
the  rarer  the  medium:  according  to  Newton,  (Schol.  Prop. 
96.  1.  i.  Princip.  Prop.  10.  p.  3.  1.  ii.  Opt.)  and  the  doctrine 
more  generally  received,  the  reverse.  On  both  suppositions,  it 
is  always  the  same  in  the  same  medium,  and  varies  in  the  ratio 
of  the  sines  of  the  angles.  This  circumstance  is  of  use  in  faci- 
litating the  computation  of  some  very  complicated  refractions. 

Proposition  II.  Phenomenon. 

If  between  two  refracting  mediums,  a  third  medium,  termi- 
nated by  parallel  surfaces,  be  interposed,  the  whole  refraction 
will  remain  unchanged.  (Newton's  Opt.  1.  i.  p.  2.  Prop.  3. 
Smith,  r.  399.  Wood,  105.) 

Corollary.  Hence,  when  the  refractions  out  of  two  mediums 
into  a  third  ar.1  given,  the  refraction  at  the  common  surface  of 
these  mediums  may  be  thus  found.  Let  the  refractions  given 
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be  as  m :  n,  and  as  w* :  n* ;  then  the  ratio  sought  will  be  that  of 
m  n* :  m'  7i.  For  instance,  let  the  three  mediums  be  glass,  water, 
and  air  ;  then  m  =  3,  n  =  2,  m*  =  4,  »*  =  3,  mn*  =  g,  and 
m*  /i  =  8.  If  the  ratios  be  4 :  3,  and  13  : 14,  we  have  mn*  .m'n 
: :  39  : 56 ;  and,  dividing  by  56  —  39,  we  obtain  2 . 3  and  3  .  3 
for  in  and  m  -J-  1,  in  Schol.  1,  Prop.  I. 

* 

Proposition  III.   Problem.  (Plate  II.  Fig.  1.) 

At  the  vertex  of  a  given  triangle  (CB  A),  to  place  a  given  re- 
fracting surface  (B),  so  that  the  incident  and  refracted  rays  may 
coincide  with  the  sides  of  the  triangle  ( A  B  and  BC.) 

Let  the  sides  be  called  d  and  e;  then  in  the  base  take,  next  to 
J  (or  AB),  a  portion  ( A  E)  equal  to  or  (AD  = ) 

draw  a  line  (EB,  or  DB)  to  the  vertex,  and  the  surface  must  be 
perpendicular  to  this  line,  whenever  the  problem  is  physically 
possible.  When  e  becomes  infinite,  and  parallel  to  the  base,  take 

l£  or  ^  next  tod,  for  the  intersection  of  the  radius  of  curvature. 

771  n 

Proposition  IV.   Theorem.  (Fig.  2.) 

In  oblique  refractions  at  spherical  surfaces,  the  line  ( A  I,  KL,) 
joining  the  conjugate  foci  (A,  I ;  K,  L;)  passes  through  the  point 
(G),  where  a  perpendicular  from  the  centre  (H)  falls  on  the 
line  (EF),  bisecting  the  chords  (BC,  BD,)  cut  off  from  the  in- 
cident and  refracted  rays. 

Corollary  1.  Let  t  and  u  be  the  cosines  oftincidence  and  re- 
fraction, the  radius  being  1,  and  d  and  e  the  respective  distances 

of  the  foci  of  incident  and  refracted  rays ;  then  *=mduZid"-.Htt' 

Corollary  2.  For  a  plane  surface,  e  =  ^77- 
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Corollary  3.  For  parallel  rays,  a  =  00  ,  and  e  =  ^  ^  _  ^  ^ 

Scholium  1.  It  may  be  observed,  that  the  caustic  by  refraction 
stops  short  at  its  cusp,  not  geometrically,  but  physically,  the 
total  reflection  interfering. 

Corollary  4.   Call  b,  and  ^L-e  c  ;  then  ,  =  ^ 

and  e  —  6  =  or,  in  words,  the  rectangle  contained  by  the 
focal  lengths  of  parallel  rays,  passing  and  repassing  any  surface 
in  the  same  lines,  is  equal  to  the  rectangle  contained  by  the 
differences  between  these  lengths  and  the  distances  of  any  con- 
jugate foci. 

Corollary  5.  For  perpendicular  rays,  e  =  =  m  -f  £^ ; 
or,  if  the  radius  be  a,  e  =  j^*a  \  and  if  d  and  e  be  given  to  find 
the  radius,  a  = 


m  d  -f  n  e 

Corollary  6.  For  rays  perpendicular  and  parallel,  e  =  m,  or 


e  =  ma. 


Corollary  J.  For  a  double  convex  lens,  neglecting  the  thick- 

n  d  ff  b 


ness,  call  the  first  radius  £,  the  second  /j,  and  e  =  rfg  ^.db-n-b 

d  +  r  •  «• 


Hence  w  =  -7^-  .         ;  and,  for  parallel  rays,  e  =  and 


n~e'g~gT'  ^^  —  b=a'e~T7^Ta'i  and  for  Parallel  ravs 
e  =  — :  calling  this  principal  focal  length  />,  e  =737,  as  in 
Cor.  4;  whence  we  have  the  joint  focus  of  two  lenses;  also, 

b  =  rr- 

Corollary  8.  In  a  sphere,  e  =  ma  .    ,  J  — — r ,  for  the  distance 

2  ti  —  I  r?l  —  2J  <!' 

from  the  centre,  and  b  =  — . 
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Scholium  2.  In  all  these  cases,  if  the  rays  converge,  d  must 
be  negative.  For  instance,  to  find  the  joint  focus  of  two  con- 
vex, or  concave  lenses,  the  expression  becomes,  e  = 

Corollary  9.  In  Cor.  3,  the  divisor  becomes  ultimately  con- 
stant; and,  when  the  inclination  is  small,  the  focus  varies  as  uu. 

Corollary  10.  For  parallel  rays  falling  obliquely  on  a  double 
convex,  or  double  concave  lens,  of  inconsiderable  thickness,  the 
radius  being  1,  e  =  2  (m"M  1  nt) ;  which  varies  ultimately  as  the 

product  of  the  cosines,  or  as        t  -\-  t\ 

Scholium  3.  In  the  double  convex  lens,  the  thickness  dimi- 
nishes the  effect  of  the  obliquity  near  the  axis ;  in  the  double 
concave,  it  increases  it. 

Scholium  4.  No  spherical  surface,  excepting  one  particular 
case,  (Wood,  155,)  can  collect  an  oblique  pencil  of  rays,  even 
to  a  physical  point.  The  oblique  rays  which  we  have  hitherto 
considered,  are  only  such  as  lie  in  that  section  of  the  pencil 
which  is  made  by  a  plane  passing  through  the  centre  and  the 
radiant  point.  They  continue  in  this  plane,  notwithstanding  the 
refraction,  and  therefore  will  not  meet  the  rays  of  the  collateral 
sections,  till  they  arrive  at  the  axis.  The  remark  was  made  by 
Sir  Isaac  Newton,  and  extended  by  Dr.  Smith,  (Smith  r. 
493,  494;)  it  appears,  however,  to  have  been  too  little  noticed. 
(Wood,  362.)  The  geometrical  focus  thus  becomes  a  line,  a 
circle,  an  oval,  or  other  figure,  according  to  the  form  of  the 
pencil,  the  nature  of  the  surface,  and  the  place  of  the  plane  re- 
ceiving the  image.  Some  of  the  varieties  of  the  focal  image  of 
a  cylindrical  pencil  obliquely  refracted  are  shown  in  Plate  VI. 
Fig.  28. 
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Corollary  11.  Hence  the  line  joining  the  remoter  conju- 
gate foci,  will  always  pass  through  the  centre.  The  distance 
of  the  remoter  focus  of  parallel  rays  will  be  expressed  by 

/  =  — - — s "»  ana*  the  least  circle  of  aberration  will  be  at  the 
distance      *    **  nty  dividing  the  length  of  aberration  in 

the  ratio  of  the  distance  of  its  limits  from  the  surface.  In  the 
case  of  Cor.  io./=   ,  » 

J         2  (m  u  —  n  t)' 

Corollary  1 2.  This  proposition  extends  also  to  reflected  rays ; 
and,  in  that  case,  the  line  from  the  centre  passes  through  the 
point  of  incidence. 

Proposition  V.  Problem, 

To  find  the  place  and  magnitude  of  the  image  of  a  small 
object,  after  refraction  at  any  number  of  spherical  surfaces. 
Construction.  (Plate  II.  Fig.  3.)  From  any  point  (B)  in  the 
^object  (AB),  draw  lines  to  (C),  the  centre  of  the  first  surface, 
and  to  (D),  the  focus  of  parallel  rays  coming  in  a  contrary 
direction:  from  the  intersection  of  the  second  line  (BD)  with 
the  tangent  (EF)  at  the  vertex,  draw  a  line  (EH)  parallel  to 
the  axis,  and  it  will  cut  the  first  line  (BC)  in  (H),  the  first 
image  of  the  point  (Bj.  Proceed  with  this  image  as  a  new  object, 
and  repeat  the  operation  for  each  surface,  and  the  last  point 
will  be  in  the  image  required.  For  calculation,  find  the  place 
of  the  image  by  Cor.  5.  Prop.  IV.  and  its  magnitude  will  be  to 
that  of  the  object,  as  their  respective  distances  from  the  centre. 

Corollary.  If  a  confused  image  be  received  on  any  given 
plane,  its  magnitude  will  be  determined  by  the  line  drawn  from 
the  preceding  image  through  the  centre  of  the  last  surface. 
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Proposition  VI.  Problem. 

To  determine  the  law  by  which  the  refraction  at  a  spherical 
surface  must  vary,  so  as  to  collect  parallel  rays  to  a  perfect 
focus. 

Solution.  Let  v  be  the  versed  sine  to  the  radius  1 ;  then,  at 
each  point  without  the  axis,  n  remaining  the  same,  m  must 
become  v/ «m±2o;  and  all  the  rays  will  be  collected  in 
the  principal  focus. 

Corollary.  The  same  law  will  serve  for  a  double  convex  lens, 
in  the  case  of  equidistant  conjugate  foci,  substituting  n  for  m. 

Proposition  VII.  Problem. 

To  find  the  principal  focus  of  a  sphere,  or  lens,  of  which  the 
internal  parts  are  more  dense  than  the  external. 

Solution.    In  order  that  the  focal  distance  may  be  finite,  the 
density  of  a  finite  portion  about  the  centre  must  be  equable:' 
call  the  radius  of  this  portion  |,  that  of  the  sphere  being  unity; 
let  the  whole  refraction  out  of  the  surrounding  medium  into  this 

central  part,  be  as  m  to  «;  take  r  ~  j^t°5r{— .  and  let  the  den- 
sity be  supposed  to  vary  every  where  inversely  as  the  power 

of  the  distance  from  the  centre:  then  the  principal  focal  distance 
from  the  centre  will  be r—^-  .  --^ — .  When  r=  i,  it  becomes 

z         n  1  —  m 

For  a  lens,  deduct  one  fourth  of  the  difference 


2  (H.  L.  m  —  H.  L  n)' 

between  its  axis  and  the  diameter  of  the  sphere  of  which  its 
surfaces  are  portions. 

Corollary.  If  the  density  be  supposed  to  vary  suddenly  at  the 
surface,  m  must  express  the  difference  of  the  refractions  at  tJic 
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centre  and  at  the  surface ;  and  the  focal  distance,  thus  determined, 
must  be  diminished  according  to  the  refraction  at  the  surface. 

Proposition  VIII.  Problem. 

To  find  the  nearer  focus  of  parallel  rays  falling  obliquely  on 
a  sphere  of  variable  density. 

Solution.  Let  r  be  as  in  the  last  proposition,  5  the  sine  of  in- 
cidence, t  the  cosine,  and  e  the  distance  of  the  focus  from  the 

2 

point  of  emersion.   Then  e  =  2_tV),  w  being  =  l±i. 

(aA  +  bB  +  cC  +  ...)  +  saA+6bBs%+iocCs4+.. 
wherea=^,6  =  ^,(r===5-7I-3,A=I,B==iA,C=iB, 

D  =  iC.  But,  when  s  is  large,  the  latter  part  of  the  series  con- 
verges somewhat  slowly.  The  former  part  might  be  abridged 
if  it  were  necessary :  but,  since  the  focus  in  this  case  is  always 
very  imperfect,  it  is  of  the  less  consequence  to  provide  an  easy 
calculation. 

General  Scholium.  The  two  first  propositions  relate  to  well 
known  phenomena ;  the  third  can  hardly  be  new  ;  the  fourth 
approaches  the  nearest  to  Maclaurin's  construction,  but  is  far 
more  simple  and  convenient ;  the  fifth  and  sixth  have  no  diffi- 
culty ;  but  the  two  last  require  a  long  demonstration.  The  one 
is  abridged  by  a  property  of  logarithms ;  the  other  is  derived  from 
the  laws  of  centripetal  forces,  on  the  supposition  of  velocities 
directly  as  the  refractive  densities,  correcting  the  series  for  the 
place  of  the  apsis,  and  making  the  sine  of  incidence  variable, 
to  determine  the  fluxion  of  the  angle  of  deviation. 

V.  Dr.  Porterfield  has  employed  an  experiment,  first 
made  by  Scheiner,  to  the  determination  of  the  focal  distance 

mdccci.  F 
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of  the  eye ;  and  has  described,  under  the  name  of  an  optometer, 
a  very  excellent  instrument,  founded  on  the  principle  of  the 
phenomenon.*  But  the  apparatus  is  capable  of  considerable 
improvement ;  and  I  shall  beg  leave  to  describe  an  optometer, 
simple  in  its  construction,  and  equally  convenient  and  accurate 
in  its  application. 

Let  an  obstacle  be  interposed  between  a  radiant  point  (R, 
Plate  II.  Fig.  4,)  and  any  refracting  surface,  or  lens  (CD), 
and  let  this  obstacle  be  perforated  at  two  points  (A  and  B)  only. 
Let  the  refracted  rays  be  intercepted  by  a  plane,  so  as  to  form 
an  image  on  it.  Then  it  is  evident,  that  when  this  plane  (EF) 
passes  through  the  focus  of  refracted  rays,  the  image  formed 
on  it  will  be  a  single  point.  But,  if  the  plane  be  advanced  for- 
wards (to  GH),  or  removed  backwards  (to  IK),  the  small 
pencils  passing  through  the  perforations,  will  no  longer  meet 
in  a  single  point,  but  will  fall  on  two  distinct  spots  of  the  plane 
(G,H ;  I,K ;)  and,  in  either  case,  form  a  double  image  of  the 
object. 

Let  us  now  add  two  more  radiating  points,  (S  and  T,  Fig.  5,) 
the  one  nearer  to  the  lens  than  the  first  point,  the  other  more 
remote ;  and,  when  the  plane  which  receives  the  images  passes 
through  the  focus  of  rays  coming  from  the  first  point,  the  images 
of  the  second  and  third  points  must  both  be  double  (s s,  tt;) 
since  the  plane  (EF)  is  without  the  focal  distance  of  rays 
coming  from  the  furthest  point,  and  within  that  of  rays  coming 
from  the  nearest.  Upon  this  principle,  Dr.  Porterfield's 
optometer  was  founded. 

But,  if  the  three  points  be  supposed  to  be  joined  by  a  line, 
and  this  line  to  be  somewhat  inclined  to  the  axis  of  the  lens, 

•  Edinb.  Med.  Ess.  Vol.  IV.  p.  185. 
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each  point  of  the  line,  except  the  first  point  (R,  Fig.  6,)  will 
have  a  double  image ;  and  each  pair  of  images,  being  contiguous 
to  those  of  the  neighbouring  radiant  points,  will  form  with  them 
two  continued  lines,  and  the  images  being  more  widely  sepa- 
rated as  the  point  which  they  represent  is  further  from  the  first 
radiant  point,  the  lines  ($t,stt)  will  converge  on  each  side 
towards  (r)  the  image  of  this  point,  and  there  will  intersect 
each  other. 

The  same  happens  when  we  look  at  any  object  through  two 
pin  holes,  within  the  limits  of  the  pupil.  If  the  object  be  at  the 
point  of  perfect  vision,  the  image  on  the  retina  will  be  single; 
but,  in  every  other  case,  the  image  being  double,  we  shall  appear 
to  see  a  double  object :  and,  if  we  look  at  a  line  pointed  nearly 
to  the  eye,  it  will  appear  as  two  lines,  crossing  each  other  in  the 
point  of  perfect  vision.  For  this  purpose,  the  holes  may  be 
converted  into  slits,  which  render  the  images  nearly  as  distinct, 
at  the  same  time  that  they  admit  more  light.  The  number  may 
be  increased  from  two  to  four,  or  more,  whenever  particular 
investigations  render  it  necessary. 

The  optometer  may  be  made  of  a  slip  of  card-paper,  or  of 
ivory,  about  eight  inches  in  length,  and  one  in  breadth,  divided 
longitudinally  by  a  black  line,  which  must  not  be  too  strong. 
The  end  of  the  card  must  be  cut  as  is  shown  in  Plate  III.  Fig  7, 
in  order  that  it  may  be  turned  up,  and  fixed  in  an  inclined 
position  by  means  of  the  shoulders  :  or  a  detached  piece,  nearly 
of  this  form,  may  be  applied  to  the  optometer,  as  it  is  here  en- 
graved. A  hole  about  half  an  inch  square  must  be  made  in  this 
part ;  and  the  sides  so  cut  as  to  receive  a  slider  of  thick  paper, 
with  slits  of  different  sizes,  from  a  fortieth  to  a  tenth  of  an  inch 
in  breadth,  divided  by  spaces  somewhat  broader ;  so  that  each 
observer  may  choose  that  which  bestsuits  the  aperture  of  his  pupil. 
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In  order  to  adapt  the  instrument  to  the  use  of  presbyopic  eyes, 
the  other  end  must  be  furnished  with  a  lens  of  four  inches  focal 
length ;  and  a  scale  must  be  made  near  the  line  on  each  side 
of  it,  divided  from  one  end  into  inches,  and  from  the  other  ac- 
cording to  the  table  here  calculated  from  Cor.  7.  Prop.  IV,  by 
means  of  which,  not  only  diverging,  but  also  parallel  and  con- 
verging rays  from  the  lens  are  referred  to  their  virtual  focus. 
The  instrument  is  easily  applicable  to  the  purpose  of  ascer- 
taining the  focal  length  of  spectacles  required  for  myopic  or 
presbyopic  eyes.  Mr.  Cary  has  been  so  good  as  to  furnish 
me  with  the  numbers  and  focal  lengths  of  the  glasses  com- 
monly made;  and  I  have  calculated  the  distances  at  which  those 
numbers  must  be  placed  on  the  scale  of  the  optometer,  so  that 
a  presbyopic  eye  may  be*enabled  to  see  at  eight  inches  distance, 
by  using  the  glasses  of  the  focal  length  placed  opposite  to  the 
nearest  crossing  of  the  lines;  and  a  myopic  eye  with  parallel 
rays,  by  using  the  glasses  indicated  by  the  number  that  stands 
opposite  their  furthest  crossing.  To  facilitate  the  observation, 
I  have  also  placed  these  numbers  opposite  that  point  which 
will  be  the  nearest  crossing  to  myopic  eyes ;  but  this,  upon  the 
arbitrary  supposition  of  an  equal  capability  of  change  of  focus 
in  every  eye,  which  I  must  confess  is  often  far  from  the  truth. 
It  cannot  be  expected,  that  every  person,  on  the  first  trial, 
will  fix  precisely  upon  that  power  which  best  suits  the  defect 
of  his  sight.  Few  can  bring  their  eyes  at  pleasure  to  the  state 
of  full  action,  or  of  perfect  relaxation;  and  a  power  two  or 
three  degrees  lower  than  that  which  is  thus  ascertained,  will  be 
found  sufficient  for  ordinary  purposes.  I  have  also  added  to  the 
second  table,  such  numbers  as  will  point  out  the  spectacles 
necessary  for  a  presbyopic  eye,  to  see  at  twelve  and  at  eighteen 
inches  respectively  :  the  middle  series  will  perhaps  be  the  most 


> 
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proper  for  placing  the  numbers  on  the  scale.  The  optometer 
should  be  applied  to  each  eye ;  and,  at  the  time  of  observing,  the 
opposite  eye  should  not  be  shut,  but  the  instrument  should  be 
screened  from  its  view.  The  place  of  intersection  may  be  accu- 
rately ascertained,  by  means  of  an  index  sliding  along  the  scale. 

The  optometer  is  represented  in  Plate  III.  Fig.  8  and  9;  and 
the  manner  in  which  the  lines  appear,  in  Fig.  10. 

Table  I.    For  extending  the  scale  by  a  lens  of  4  inches j oats. 


4 

2.CG 

1  I 

-■93 

3° 

3.52 
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-35 

4-5' 

—  1  2 

0.00 

5 

2.22 

1  2 

•>.oo 

40 

3  H 

4  00 
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—  1 1 

6  29 

6 

2.4O 

<3 

3.06 

5  J 

3  7° 

—  200 

4.08 
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4.76 

— 10 

6  67 

7 
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'4 

3  " 

60 

3  75 

—  ICO 

4  »7 

—  JO 

5.00 

-9  5 

6.90 

8 

x.67 

1  > 

3.10 

7C 

.57* 

-5° 

4  35 

-'5 

5  45 

-9  0 

7.20 

9 
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iO 

37  1 

80 

3.81 

—45 

4  39 

-'4 

5.60 

-8.5 

7.56 

10 

2  81> 

25 

3  45 

10 

3*5 

-40 

4-4+ 

-'3 

578 

-8.0 

8  00 

Table  II.    For  placing  the  numbers  indicating  the  focal  length  of 

convex  glasses. 
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o 

40 

36 

30 
28 
26 
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10  2H 


1. 


xn 
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10 
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00 
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00 
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? 


5 
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Table  III.    For  concave  glasses. 
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CO 

■  56.00 
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-  5  '4 
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place. 

0 

3 
4 
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24 

f,  18 
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10 

9 
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•7 

8 

9 
10 
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12 

13 

8 

7 
6 

5 

45 
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'5 
16 

17 
18 

'9 
20 
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2.25 

2.00 
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I.44 

'•33 
1.22 
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VI.  Being  convinced  of  the  advantage  of  making  every 
observation  with  as  little  assistance  as  possible,  I  have  endea- 
voured to  confine  most  of  my  experiments  to  my  own  eyes ; 
and  I  shall,  in  general,  ground  my  calculations  on  the  suppo- 
sition of  an  eye  nearly  similar  to  my  own.  I  shall  therefore 
first  endeavour  to  ascertain  all  its  dimensions,  and  all  its 
faculties. 

For  measuring  the  diameters,  I  fix  a  small  key  on  each  point 
of  a  pair  of  compasses ;  and  I  can  venture  to  bring  the  rings 
into  immediate  contact  with  the  sclerotica.  The  transverse 
diameter  is  externally  98  hundredths  of  an  inch. 

To  find  the  axis,  I  turn  the  eye  as  much  inwards  as  possible, 
and  press  one  of  the  keys  close  to  the  sclerotica,  at  the  exter- 
nal angle,  till  it  arrives  at  the  spot  where  the  spectrum  formed 
by  its  pressure  coincides  with  the  direction  of  the  visual  axis,  and, 
looking  in  a  glass,  I  bring  the  other  key  to  the  cornea.  The 
optical  axis  of  the  eye,  making  allowance  of  three  hundredths 
for  the  coats,  is  thus  found  to  be  91  hundredths  of  an  inch,  from 
the  external  surface  of  the  cornea  to  the  retina.  With  an  eye 
less  prominent,  this  method  might  not  have  succeeded. 

The  vertical  diameter,  or  rather  chord,  of  the  cornea,  is  45 
hundredths :  its  versed  sine  1 1  hundredths.  To  ascertain  the 
versed  sine,  I  looked  with  the  right  eye  at  the  image  of  the 
left,  in  a  small  speculum  held  close  to  the  nose,  while  the  left 
eye  was  so  averted  that  the  margin  of  the  cornea  appeared  as  a 
straight  line,  and  compared  the  projection  of  the  cornea  with 
the  image  of  a  cancellated  scale  held  in  a  proper  direction  be- 
hind the  left  eye,  and  close  to  the  left  temple.  The  horizontal 
chord  of  the  cornea  is  nearly  4$  hundredths. 

Hence  the  radius  of  the  cornea  is  31  hundredths.    It  may 
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be  thought  that  I  assign  too  great  a  convexity  to  the  cornea ; 
but  I  have  corrected  it  by  a  number  of  concurrent  observations, 
which  will  be  enumerated  hereafter. 

The  eye  being  directed  towards  its  image,  the  projection  of 
the  margin  of  the  sclerotica  is  2  a  hundredths  from  the  margin 
of  the  cornea,  towards  the  external  angle,  and  27  towards  the 
internal  angle  of  the  eye:  so  that  the  cornea  has  an  eccen- 
tricity of  one  fortieth  of  an  inch,  with  respect  to  the  section  of 
the  eye  perpendicular  to  the  visual  axis. 

The  aperture  of  the  pupil  varies  from  27  to  13  hundredths ; 
at  least  this  is  its  apparent  size,  which  must  be  somewhat  dimi- 
nished, on  account  of  the  magnifying  power  of  the  cornea, 
perhaps  to  25  and  12.  When  dilated,  it  is  nearly  as  eccentric 
as  the  cornea ;  but,  when  most  contracted,  its  centre  coincides 
with  the  reflection  of  an  image  from  an  object  held  immediately 
before  the  eye ;  and  this  image  very  nearly  with  the  centre  of 
the  whole  apparent  margin  of  the  sclerotica :  so  that  the  cornea 
is  perpendicularly  intersected  by  the  visual  axis. 

My  eye,  in  a  state  of  relaxation,  collects  to  a  focus  on  the 
retina,  those  rays  which  diverge  vertically  from  an  object  at  the 
distance  of  ten  inches  from  the  cornea,  and  the  rays  which 
diverge  horizontally  from  an  object  at  seven  inches  distance. 
For,  if  I  hold  the  plane  of  the  optometer  vertically,  the  images 
of  the  line  appear  to  cross  at  ten  inches ;  if  horizontally,  at  seven. 
The  difference  is  expressed  by  a  focal  length  of  23  inches.  I 
have  never  experienced  any  inconvenience  from  this  imperfec- 
tion, nor  did  I  ever  discover  it  till  I  made  these  experiments ; 
and  I  believe  I  can  examine  minute  objects  with  as  much  accu- 
racy as  most  of  those  whose  eyes  are  differently  formed.  On 
mentioning  it  to  Mr.  Cary,  he  informed  me,  that  he  had 
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frequently  taken  notice  of  a  similar  circumstance ;  that  many 
persons  were  obliged  to  hold  a  concave  glass  obliquely,  in  order 
to  see  with  distinctness,  counterbalancing,  by  the  inclination  of 
the  glass,  the  too  great  refractive  power  of  the  eye  in  the  direc- 
tion of  that  inclination,  (Cor.  10.  Prop.  IV.)  and  finding  but 
little  assistance  from  spectacles  of  the  same  focal  length.  The 
difference  is  not  in  the  cornea,  for  it  exists  when  the  effect  of 
the  cornea  is  removed  by  a  method  to  be  described  hereafter. 
The  cause  is,  without  doubt,  the  obliquity  of  the  uvea,  and  of 
the  crystalline  lens,  which  is  nearly  parallel  to  it,  with  respect 
to  the  visual  axis:  this  obliquity  will  appear,  from  the  dimen- 
sions already  given,  to  be  about  10  degrees.  Without  entering 
into  a  very  accurate  calculation,  the  difference  observed  is  found 
(by  the  same  corollary)  to  require  an  inclination  of  about  13 
degrees ;  and  the  remaining  three  degrees  may  easily  be  added, 
by  the  greater  obliquity  of  the  posterior  surface  of  the  crystalline 
opposite  the  pupil.  There  would  be  no  difficulty  in  fixing  the 
glasses  of  spectacles,  or  the  concave  eye-glass  of  a  telescope,  in 
such  a  position  as  to  remedy  the  defect. 

In  order  to  ascertain  the  focal  distance  of  the  lens,  we  must 
assign  its  probable  distance  from  the  cornea.  Now  the  versed 
sine  of  the  cornea  being  1 1  hundredths,  and  the  uvea  being 
nearly  fiat,  the  anterior  surface  of  the  lens  must  probably  be 
somewhat  behind  the  chord  of  the  cornea  ;  but  by  a  very  incon- 
siderable distance,  for  the  uvea  has  the  substance  of  a  thin  mem- 
brane, and  the  lens  approaches  very  near  to  it :  we  will  there- 
fore call  this  distance  12  hundredths.  The  axis  and  propor- 
tions of  the  lens  must  be  estimated  by  comparison  with  anato- 
mical observations;  since  they  affect,  in  a  small  degree,  the  de- 
termination ot  its  focal  distance.    M.  Petit  found  the  axis 
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almost  always  about  two  lines,  or  18  hundredths  of  an  inch. 
The  radius  of  the  anterior  surface  was  in  the  greatest  number 
3  lines,  but  oftener  more  than  less.  We  will  suppose  mine 
to  be  s£,  or  nearly  JL  of  an  inch.  The  radius  of  the 
posterior  surface  was  most  frequently  2-J-  lines,  or  f  of  an 
inch.*   The  optical  centre  will  be  therefore  (^~-^==)  about 

one-tenth  of  an  inch  from  the  anterior  surface :  hence  we  have 
22  hundredths,  for  the  distance  of  the  centre  from  the  cornea. 
Now,  taking  10  inches  as  the  distance  of  the  radiant  point,  the 
focus  of  the  cornea  will  be  115  hundredths  behind  the  centre 
of  the  lens.  (Cor.  5.  Prop.  IV.)  But  the  actual  joint  focus  is 
(91  —  22  =)  69  behind  the  centre:  hence,  disregarding  the 
thickness  of  the  lens,  its  principal  focal  distance  is  173  hun- 
dredths. (Cor.  7.  Prop.  IV.)  For  its  refractive  power  in  the 
eye,  we  have  (by  Cor.  7.  Prop.  IV.)  n  =  13,5,  and  m  =  14 ,5. 
Calculating  upon  this  refractive  power,  with  the  consideration 
of  the  thickness  also,  we  find  that  it  requires  a  correction, 
and  comes  near  to  the  ratio  of  14  to  13  for  the  sines.  It 
is  well  known  that  the  refractive  powers  of  the  humours  arc 
equal  to  that  of  water;  and,  that  the  thickness  of  the  cornea  is 
too  equable  to  produce  any  effect  on  the  focal  distance. 

For  determining  the  refractive  power  of  the  crystalline  lens 
by  a  direct  experiment,  I  made  use  of  a  method  suggested  to 
me  by  Dr.  Wollaston.  I  found  the  refractive  power  of  the 
centre  of  the  recent  human  crystalline  to  that  of  water,  as  2 1 
to  20.  The  difference  of  this  ratio  from  the  ratio  of  14  to  13, 
ascertained  from  calculation,  is  probably  owing  to  two  circum- 
stances. The  first  is,  that  the  substance  of  the  lens  being  in 
some  degree  soluble  in  water,  a  portion  of  the  aqueous  fluid 

*  Mem.  de  l'Acad.  dc  Paris,  1730.  p.  6.  Ed.  Amst. 
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within  its  capsule  penetrates  after  death,  so  as  somewhat  to 
lessen  the  density.  When  dry,  the  refractive  power  is  little  infe- 
rior to  that  of  crown  glass.  The  second  circumstance  is,  the 
unequal  density  of  the  lens.  The  ratio  of  14  to  13  is  founded 
on  the  supposition  of  an  equable  density :  but,  the  central  part 
being  the  most  dense,  the  whole  acts  as  a  lens  of  smaller  dimen- 
sions; and  it  may  be  found  by  Prop.  VII.  that  if  the  central 
portion  of  a  sphere  be  supposed  of  uniform  density,  refrac- 
ting as  21  to  20,  to  the  distance  of  one  half  of  the  radius,  and 
the  density  of  the  external  parts  to  decrease  gradually,  and  at 
the  surface  to  become  equal  to  that  of  the  surrounding  medium, 
the  sphere  thus  constituted,  will  be  equal  in  focal  length  to  a 
uniform  sphere  of  the  same  size,  with  a  refraction  of  16  to  15 
nearly.  And  the  effect  will  be  nearly  the  same,  if  the  central 
portion  be  supposed  to  be  smaller  than  this,  but  the  density 
to  be  somewhat  greater  at  the  surface  than  that  of  the  sur- 
rounding medium,  or  to  vary  more  rapidly  externally  than  in- 
ternally. On  the  whole,  it  is  probable  that  the  refractive 
power  of  the  centre  of  the  human  crystalline,  in  its  living  state, 
is  to  that  of  water  nearly  as  18  to  17 ;  that  the  water  imbibed 
after  death,  reduces  it  to  the  ratio  of  21  to  20;  but  that,  on 
account  of  the  unequable  density  of  the  lens,  its  effect  in  the 
eye  is  equivalent  to  a  refraction  of  14  to  13  for  its  whole  size. 
Dr.  Wollaston  has  ascertained  the  refraction  out  of  air,  into 
the  centre  of  the  recent  crystalline  of  oxen  and  sheep,  to  be 
nearly  as  143  to  100 ;  into  the  centre  of  the  crystalline  of  fish, 
and  into  the  dried  crystalline  of  sheep,  as  152  to  100.  Hence, 
the  refraction  of  the  crystalline  of  oxen  in  water,  should  be 
as  15  to  14 :  but  the  human  crystalline,  when  recent,  is  de- 
cidedly less  refractive. 
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These  considerations  will  explain  the  inconsistency  of  dif- 
ferent observations  on  the  refractive  power  of  the  crystalline : 
and,  in  particular,  how  the  refraction  which  I  formerly  calcu- 
lated, from  measuring  the  focal  length  of  the  lens,*  is  so  much 
greater  than  that  which  is  determined  by  other  means.  But, 
for  direct  experiments,  Dr.  Wollaston's  method  is  exceed- 
ingly accurate. 

When  I  look  at  a  minute  lucid  point,  such  as  the  image  of 
a  candle  in  a  small  concave  speculum,  it  appears  as  a  radiated 
star,  as  a  cross,  or  as  an  unequal  line,  and  never  as  a  perfect 
point,  unless  I  apply  a  concave  lens  inclined  at  a  proper  angle, 
to  correct  the  unequal  refraction  of  my  eve.    If  I  bring  the 
point  very  near,  it  spreads  into  a  surface  nearly  circular,  and 
almost  equably  illuminated,  except  some  faint  lines,  nearly  in  a 
radiating  direction.    For  this  purpose,  the  best  image  is  a  can- 
dle, or  a  small  speculum,  viewed  through  a  minute  lens  at  some 
little  distance,  or  seen  by  reflection  in  a  larger  lens.    If  any 
pressure  has  been  applied  to  the  eye,  such  as  that  of  the  finger 
keeping  it  shut,  the  sight  is  often  confused  for  a  short  time  after 
the  removal  of  the  finger,  and  the  image  is  in  this  case  spotty 
or  curdled.    The  radiating  ijnes  are  probably  occasioned  by 
some  slight  inequalities  in  the  surface  of  the  lens,  which  is  very 
superficially  furrowed  in  the  direction  of  its  fibres:  the  curdled 
appearance  will  be  explained  hereafter.  When  the  point  is  fur- 
ther removed,  the  image  becomes  evidently  oval,  the  vertical 
diameter  being  longest,  and  the  lines  a  little  more  distinct  than 
before,  the  light  being  strongest  in  the  neighbourhood  of  the 
centre;  but  immediately  at  the  centre  there  is  a  darker  spot, 
owing  to  such  a  slight  depression  at  the  vertex  as  is  often 

*  Phil.  Trans,  for  1793.  p.  i-.t. 
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observable  in  examining  the  lens  after  death.  The  situation  of 
the  rays  is  constant,  though  not  regular ;  the  most  conspicuous 
are  seven  or  eight  in  number ;  sometimes  about  twenty  fainter 
ones  may  be  counted.  Removing  the  point  a  little  further,  the 
image  becomes  a  short  vertical  line ;  the  rays  that  diverged  ho- 
rizontally being  perfectly  collected,  while  the  vertical  rays  are 
still  separate.  In  the  next  stage,  which  is  the  most  perfect 
focus,  the  line  spreads  in  the  middle,  and  approaches  nearly  to 
a  square,  with  projecting  angles,  but  is  marked  with  some 
darker  lines  towards  the  diagonals.  The  square  then  flattens 
into  a  rhombus,  and  the  rhombus  into  a  horizontal  line  un- 
equally bright.  At  every  greater  distance,  the  line  lengthens, 
and  acquires  also  breadth,  by  radiations  shooting  out  from  it,  but 
does  not  become  a  uniform  surface,  the  central  part  remaining 
always  considerably  brightest,  in  consequence  of  the  same  flat- 
tening of  the  vertex  which  before  made  it  fainter.  Some  of 
these  figures  bear  a  considerable  analogy  to  the  images  derived 
from  the  refraction  of  oblique  rays,  (Schol.  4.  Prop.  IV.)  and 
still  more  strongly  resemble  a  combination  of  two  of  them  in 
opposite  directions ;  so  as  to  leave  no  doubt,  but  that  both  sur- 
faces of  the  lens  are  oblique  to  the  visual  axis,  and  co-operate 
in  distorting  the  focal  point.  This  may  also  be  verified,  by 
observing  the  image  delineated  by  a  common  glass  lens,  when 
inclined  to  the  incident  rays.   (See  Plate  VI.  Fig.  38 — 40.) 

The  visual  axis  being  fixed  in  any  direction,  I  can  at  the 
same  time  see  a  luminous  object  placed  laterally  at  a  consi- 
derable distance  from  it;  but  in  various  directions  the  angle 
is  very  different.  Upwards  it.  extends  to  50  degrees,  inwards 
to  60,  downwards  to  70,  and  outwards  to  go  degrees.  These 
internal  limits  of  the  field  of  view  nearly  correspond  with 
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the  external  limits  formed  by  the  different  parts  of  the  face, 
when  the  eye  is  directed  forwards  and  somewhat  downwards, 
which  is  its  most  natural  position ;  although  the  internal  limits 
are  a  little  more  extensive  than  the  external ;  and  both  are  well 
calculated  for  enabling  us  to  perceive  the  most  readily,  such 
objects  as  are  the  most  likely  to  concern  us.  Dr.  Wollaston's 
eye  has  a  larger  field  of  view,  both  vertically  and  horizontally, 
but  nearly  in  the  same  proportions,  except  that  it  extends  further 
upwards.    It  is  well  known,  that  the  retina  advances  further 
forwards  towards  the  internal  angle  of  the  eye,  than  towards 
the  external  angle ;  but  upwards  and  downwards  its  extent  is 
nearly  equal,  and  is  indeed  every  way  greater  than  the  limits  of 
the  field  of  view,  even  if  allowance  is  made  for  the  refraction 
of  the  cornea  only.   The  sensible  portion  seems  to  coincide 
more  nearly  with  the  painted  choroid  of  quadrupeds :  but  the 
whole  extent  of  perfect  vision  is  little  more  than  10  degrees ;  or, 
more  strictly  speaking,  the  imperfection  begins  within  a  degree 
or  two  of  the  visual  axis,  and  at  the  distance  of  5  or  6  degrees 
becomes  nearly  stationary,  until,  at  a  still  greater  distance,  vision 
is  wholly  extinguished.    The  imperfection  is  partly  owing  to 
the  unavoidable  aberration  of  oblique  rays,  but  principally  to 
the  insensibility  of  the  retina :  for,  if  the  image  of  the  sun 
itself  be  received  on  a  part  of  the  retina  remote  from  the  axis, 
the  impression  will  not  be  sufficiently  strong  to  form  a  perma- 
nent spectrum,  although  an  object  of  very  moderate  brightness 
will  produce  this  effect  when  directly  viewed.  It  would  probably 
have  been  inconsistent  with  the  economy  of  nature,  to  bestow  a 
larger  share  of  sensibility  on  the  retina.  The  optic  nerve  is  at 
present  very  large ;  and  the  delicacy  of  the  organ  renders  it, 
even  at  present,  very  susceptible  of  injury  from  slight  irritation, 
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and  very  liable  to  inflammatory  affections ;  and,  in  order  to 
make  the  sight  so  perfect  as  it  is,  it  was  necessary  to  confine  that 
perfection  within  narrow  limits.  The  motion  of  the  eye  has  a 
range  of  about  55  degrees  in  every  direction ;  so  that  the  field 
of  perfect  vision,  in  succession,  is  by  this  motion  extended  to 
110  degrees. 

But  the  whole  of  the  retina  is  of  such  a  form  as  to  receive 
the  most  perfect  image,  on  every  part  of  its  surface,  that  the 
state  of  each  refracted  pencil  will  admit ;  and  the  varying  den- 
sity of  the  crystalline  renders  that  state  more  capable  of  deline- 
ating such  a  picture,  than  any  other  imaginable  contrivance  could 
have  done.  To  illustrate  this,  I  have  constructed  a  diagram, 
representing  the  successive  images  of  a  distant  object  filling  the 
whole  extent  of  view,  as  they  would  be  formed  by  the  succes- 
sive refractions  of  the  different  surfaces.  Taking  the  scale  of 
my  own  eye,  I  am  obliged  to  substitute,  for  a  series  of  objects 
at  any  indefinitely  great  distance,  a  circle  of  10  inches  radius  ; 
and  it  is  most  convenient  to  consider  only  those  rays  which  pass 
through  the  anterior  vertex  of  the  lens ;  since  the  actual  centre 
of  each  pencil  must  be  in  the  ray  which  passes  through  the 
centre  of  the  pupil,  and  the  short  distance  of  the  vertex  of  the 
lens  from  this  point,  will  always  tend  to  correct  the  unequal 
refraction  of  oblique  rays.  The  first  curve  (Plate  IV.  Fig.  16.) 
is  the  image  formed  by  the  furthest  intersection  of  rays  refracted 
at  the  cornea ;  the  second,  the  image  formed  by  the  nearest  in- 
tersection ;  the  distance  between  these,  shows  the  degree  of  con- 
fusion in  the  image ;  and  the  third  curve,  its  brightest  part.  Such 
must  be  the  form  of  the  image  which  the  cornea  tends  to  deli- 
neate in  an  eye  deprived  of  the  crystalline  lens ;  nor  can  any 
external  remedy  properly  correct  the  imperfection  of  lateral 
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vision.   The  next  three  curves  show  the  images  formed  after 

the  refraction  at  the  anterior  surface  of  the  lens,  distinguished  in 
the  same  manner;  and  the  three  following,  the  result  of  all  the 
successive  refractions.  The  tenth  curve  is  a  repetition  of  the 
ninth,  with  a  slight  correction  near  the  axis,  at  F,  where,  from 
the  breadth  of  the  pupil,  sonic  perpendicular  rays  must  fall.  By 
comparing  this  with  the  eleventh,  which  is  the  form  of  the  re- 
tina, it  will  appear  that  nothing  more  is  wanting  for  their  perfect 
coincidence,  than  a  moderate  diminution  of  density  in  the  lateral 
parts  of  the  lens.  If  the  law,  by  which  this  density  varies,  were 
more  accurately  ascertained,  its  effect  on  the  image  might  be 
calculated  from  the  eighth  proposition  ;  but  the  operations  would 
be  somewhat  laborious :  probably  the  image,  thus  corrected, 
would  approach  very  nearly  to  the  form  of  the  twelfth  curve. 

To  find  the  place  of  the  entrance  of  the  optic  nerve,  I  fix 
two  candles  at  ten  inches  distance,  retire  sixteen  feet,  and  direct 
my  eye  to  a  point  four  feet  to  the  right  or  left  of  the  middle  of 
the  space  between  them  :  they  are  then  lost  in  a  confused  spot 
of  light ;  but  any  inclination  of  the  eye  brings  one  or  the  other 
of  them  into  the  field  of  view.  In  Bernoulli's  eye,  a  greater 
deviation  was  required  for  the  direction  of  the  axis;*  and  the 
obscured  part  appeared  to  be  of  greater  extent.  From  the 
experiment  here  related,  the  distance  of  the  centre  of  the  optic 
nerve  from  the  visual  axis  is  found  (by  Prop.  V.)  to  be  16*  hun- 
dredths of  an  inch ;  and  the  diameter  of  the  most  insensible  part 
of  the  retina,  one-thirtieth  of  an  inch.  In  order  to  ascertain  the 
distance  of  the  optic  nerve  from  the  point  opposite  to  the  pupil, 
I  took  the  sclerotica  of  the  human  eye,  divided  it  into  segments, 
from  the  centre  of  the  cornea  towards  the  optic  nerve,  and  ex- 
tended it  on  a  plane.    I  then  measured  the  longest  and  shortest 

•  Comm.  Pctrop.  I.  p.  314. 
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distances  from  the  cornea  to  the  perforation  made  by  the  nerve, 
and  their  difference  was  exactly  one-fifth  of  an  inch.  To  this 
we  must  add  a  fiftieth,  on  account  of  the  eccentricity  of  the 
pupil  in  the  uvea,  which  in  the  eye  that  I  measured  was  not 
great,  and  the  distance  of  the  centre  of  the  nerve  from  the 
point  opposite  the  pupil  will  be  1 1  hundredths.  Hence  it  ap- 
pears, that  the  visual  axis  is  five  hundredths,  or  one-twentieth  of 
an  inch,  further  from  the  optic  nerve  than  the  point  opposite  the 
pupil.  It  is  possible  that  this  distance  may  be  different  in  dif- 
ferent eyes :  in  mine,  the  obliquity  of  the  lens,  and  the  eccen- 
tricity of  the  pupil  with  respect  to  it,  will  tend  to  throw  a  direct 
ray  upon  it,  without  much  inclination  of  the  whole  eye ;  and  it 
is  not  improbable,  that  the  eye  is  also  turned  slightly  outwards, 
if  looking  at  any  object  before  it,  although  the  inclination  is 
too  small  to  be  subjected  to  measurement. 

It  must  also  be  observed,  that  it  is  very  difficult  to  ascertain 
the  proportions  of  the  eye  so  exactly  as  to  determine,  with  cer- 
tainty, the  size  of  an  image  on  the  retina ;  the  situation,  curva- 
ture, and  constitution  of  the  lens,  make  so  material  a  difference 
in  the  result,  that  there  may  possibly  be  an  error  of  almost  one- 
tenth  of  the  whole.  In  order,  therefore,  to  obtain  some  confir- 
mation from  experiment,  I  placed  two  candles  at  a  small  dis- 
tance from  each  other,  turned  the  eye  inwards,  and  applied  the 
ring  of  a  key  so  as  to  produce  a  spectrum,  of  which  the  edge 
coincided  with  the  inner  candle ;  then,  fixing  my  eye  on  the  out- 
ward one,  I  found  that  the  spectrum  advanced  over  two-sevenths 
of  the  distance  between  them.  Hence,  the  same  portion  of  the 
retina  that  subtended  an  angle  of  seven  parts  at  the  centre  of 
motion  of  the  eye,  subtended  an  angle  of  five  at  the  supposed 

intersection  of  the  principal  rays;  (Plate  III.  Fig.  11.)  and  the 
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distance  of  this  intersection  from  the  retina  was  637  thousandths. 
This  nearly  corresponds  with  the  former  calculation ;  nor  can 
the  distance  of  the  centre  of  the  optic  nerve  from  the  point  of 
most  perfect  vision  be,  on  any  supposition,  much  less  than  that 
which  is  here  assigned.  And,  in  the  eyes  of  quadrupeds,  the 
most  strongly  painted  part  of  the  choroid  is  further  from  the 
nerve  than  the  real  axis  of  the  eye. 

I  have  endeavoured  to  express  in  four  figures,  the  form  of 
every  part  of  my  eye,  as  nearly  as  I  have  been  able  to  ascertain 
it;  the  first  (PL  V.  Fig.  17.)  is  a  vertical  section;  the  second 
(Fig.  18.)  a  horizontal  section  ;  the  third  and  fourth  are  front 
views,  in  different  states  of  the  pupil.  (Fig.  19  and  20.) 

Considering  how  little  inconvenience  is  experienced  from  so 
material  an  inequality  in  the  refraction  of  the  lens  as  I  have 
described,  we  have  no  reason  to  expect  a  very  accurate  provision 
for  correcting  the  aberration  of  the  lateral  rays.  But,  as  far  as 
can  be  ascertained  by  the  optometer,  the  aberration  arising  from 
figure  is  completely  corrected;  since  four  or  more  images  of  the 
same  line  appear  to  meet  exactly  in  the  same  point,  which  they 
would  not  do  if  the  lateral  rays  were  materially  more  refracted 
than  the  rays  near  the  axis.  The  figure  of  the  surfaces  is  some- 
times, and  perhaps  always,  more  or  less  hyperbolical*  or  ellip- 
tical: in  the  interior  laminae  indeed,  the  solid  angle  of  the 
margin  is  somewhat  rounded  off*;  but  the  weaker  refractive 
power  of  the  external  parts,  must  greatly  tend  to  correct  the 
aberration  arising  from  the  too  great  curvature  towards  the 
margin  of  the  disc.  Had  the  refractive  power  been  uniform,  it 
might  have  collected  the  lateral  rays  of  a  direct  pencil  nearly  as 
well;  but  it  would  have  been  less  adapted  to  oblique  pencils  of 

•  Petit  Mem. del' Acad.  1725,  p.  20. 
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rays;  and  the  eye  must  also  have  been  encumbered  with  a  mass 
of  much  greater  density  than  is  now  required,  even  for  the 
central  parts :  and,  if  the  whole  lens  had  been  smaller,  it  would 
also  have  admitted  too  little-  light.  It  is  possible  too,  that  Mr. 
Ramsden's  observation,*  on  the  advantage  of  having  no  re- 
flecting surface,  may  be  well-founded:  but  it  has  not  been  de- 
monstrated, that  less  light  is  lost  in  passing  through  a  medium 
of  variable  density,  than  in  a  sudden  transition  from  one  part  of 
that  medium  to  another ;  nor  are  we  yet  sufficiently  acquainted 
with  the  cause  of  this  reflection,  to  be  enabled  to  reason  satisfac- 
torily on  the  subject.  But,  neither  this  gradation,  nor  any  other 
provision,  has  the  eflect  of  rendering  the  eye  perfectly  achro- 
matic. Dr.  Jurin  had  remarked  this,  long  ago,-f  from  observing, 
the  colour  bordering  the  image  of  an  object  seen  indistinctly. 
Dr.  Wollaston  pointed  out  to  me  on  the  optometer,  the  red 
and  blue  appearance  of  the  opposite  internal  angles  of  the  cross- 
ing lines;  and  mentioned,  at  the  same  time,  a  very  elegant  ex- 
periment for  proving  the  dispersive  power  of  the  eye.  He  looks 
through  a  prism  at  a  small  lucid  point,  which  of  course  becomes 
a  linear  spectrum.  But  the  eye  cannot  so  adapt  itself  as  to  make 
the  whole  spectrum  appear  a  line;  for,  if  the  focus  be  adapted 
to  collect  the  red  rays  to  a  point,  the  blue  will  be  too  much  re- 
fracted, and  expand  into  a  surface;  and  the  reverse  will  happen 
if  the  eye  be  adapted  to  the  blue  rays;  so  that,  in  either  case,  the 
line  will  be  seen  as  a  triangular  space.  The  observation  is  con- 
firmed, by  placing  a  small  concave  speculum  in  different  parts 
of  a  prismatic  spectrum,  and  ascertaining  the  utmost  distances 
at  which  the  eye  can  collect  the  rays  of  different  colours  to  a 
focus.  By  these  means  I  find,  that  the  red  rays,  from  a  point  at 

•  Phil.  Trans,  for  1795,  p.  2,  f  Smith,  c.  96. 
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12  inches  distance,  are  as  much  refracted  as  white  or  yellow 
light  at  1 1.  The  difference  is  equal  to  the  refraction  of  a  lens 
132  inches  in  focus.  But  the  aberration  of  the  red  rays  in  a 
lens  of  crown  glass,  of  equal  mean  refractive  power  with  the 
eye,  would  be  equivalent  to  the  effect  of  a  lens  44  inches  in 
focus.  If,  therefore,  we  can  depend  upon  this  calculation,  the 
dispersive  power  of  the  eye  collectively,  is  one-third  of  the  dis- 
persive power  of  crown  glass,  at  an  equal  angle  of  deviation.  1 
cannot  observe  much  aberration  in  the  violet  rays.  This  may 
be,  in  part,  owing  to  their  faintness ;  but  yet  I  think  their  aber- 
ration must  be  less  than  that  of  the  red  rays.  I  believe  it  was 
Mr.  Ramsden's  opinion,  that  since  the  separation  of  coloured 
rays  is  only  observed  where  there  is  a  sudden  change  of  density, 
such  a  body  as  the  lens,  of  a  density  gradually  varying,  would 
have  no  effect  whatever  in  separating  the  rays  of  different  colours. 
If  this  hypothesis  should  appear  to  be  well-founded,  we  must 
attribute  the  whole  dispersion  to  the  aqueous  humour ;  and  its 
dispersive  power  will  be  half  that  of  crown  glass,  at  the  same 
deviation.  But  we  have  an  instance,  in  the  atmosphere,  of  a 
very  gradual  change  of  density ;  and  yet  Mr.  Gilpin  informs 
me,  that  the  stars,  when  near  the  horizon,  appear  very  evidently 
coloured.  At  a  more  favourable  season  of  the  year,  it  would 
not  be  difficult  to  ascertain,  by  means  of  the  optometer,  the 
dispersive  power  of  the  eye,  and  of  its  different  parts,  with  greater 
accuracy  than  by  the  experiment  here  related.  Had  the  dis- 
persive power  of  the  whole  eye  been  equal  to  that  of  flint  glass, 
the  distances  of  perfect  vision  would  have  varied  from  12  inches 
to  7  for  different  rays,  in  the  same  state  of  the  mean  refractive 
powers. 

VII.  The  faculty  of  accommodating  the  eye  to  various 

H2 


Digitized  by  Google , 


52  Dr.  Young's  Lecture 

distances,  appears  to  exist  in  very  different  degrees  in  different 
individuals.  The  shortest  distance  of  perfect  vision  in  my  eye, 
is  26  tenths  of  an  inch  for  horizontal,  and  29  for  vertical  rays. 
This  power  is  equivalent  to  the  addition  of  a  lens  of  4  inches 
focus.  Dr.  Wollaston  can  see  at  7  inches,  and  with  converg- 
ing rays ;  the  difference  answering  to  6  inches  focal  length.  Mr. 
Abernethy  has  perfect  vision  from  3  inches  to  30,  or  a  power 
equal  to  that  of  a  lens  3-5-  inches  in  focus.  A  young  lady  of  my 
acquaintance  can  see  at  2  inches  and  at  4;  the  difference  being 
equivalent  to  4  inches  focus.  A  middle  aged  lady  at  3  and  at  4 ; 
the  power  of  accommodation  being  only  equal  to  the  effect  of  a 
lens  of  12  inches  focus.  In  general,  I  have  reason  to  think,  that 
the  faculty  diminishes  in  some  degree,  as  persons  advance  in  life; 
but  some  also  of  a  middle  age  appear  to  possess  it  in  a  very  small 
degree.  I  shall  take  the  range  of  my  own  eye,  as  being  probably 
about  the  medium,  and  inquire  what  changes  will  be  necessary 
in  order  to  produce  it ;  whether  we  suppose  the  radius  of  the 
cornea  to  be  diminished,  or  the  distance  of  the  lens  from  the 
retina  to  be  increased,  or  these  two  causes  to  act  conjointly,  or 
the  figure  of  the  lens  itself  to  undergo  an  alteration. 

1.  We  have  calculated,  that  when  the  eye  is  in  a  state  of 
relaxation,  the  refraction  of  the  cornea  is  such  as  to  collect 
rays  diverging  from  a  point  ten  inches  distant,  to  a  focus  at 
the  distance  of  13!  tenths.  In  order  that  it  may  bring  to  the 
same  focus,  rays  diverging  from  a  point  distant  29  tenths,  we 
find  (by  Cor.  5,  Prop.  IV.)  that  its  radius  must  be  diminished 
from  31  to  25  hundredths,  or  very  nearly  in  the  ratio  of  five 
to  four. 

2.  Supposing  the  change  from  perfect  vision  at  ten  inches  to 
29  tenths,  to  be  effected  by  a  removal  of  the  retina  to  a  greater 
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distance  from  the  lens,  this  will  require,  (by  the  same  Corollary,) 
an  elongation  of  135  thousandths,  or  more  than  one-seventh 
of  the  diameter  of  the  eye.  In  Mr.  Abernethy's  eye,  an 
elongation  of  1 7  hundredths,  or  more  than  one-sixth,  is  re- 
quisite. 

3.  If  the  radius  of  the  cornea  be  diminished  one-sixteenth, 
or  to  29  hundredths,  the  eye  must  at  the  same  time  be  elon- 
gated 97  thousandths,  or  about  one-ninth  of  its  diameter. 

4.  Supposing  the  crystalline  lens  to  change  its  form  ;  if  it 
became  a  sphere,  its  diameter  would  be  28  hundredths,  and,  its 
anterior  surface  retaining  its  situation,  the  eye  would  have  per- 
fect vision  at  the  distance  of  an  inch  and  a  half.  (Cor.  5  and 
8,  Prop.  IV.)  This  is  more  than  double  the  actual  change. 
But  it  is  impossible  to  determine  precisely  how  great  an  alteration 
of  form  is  necessary,  without  ascertaining  the  nature  of  the 
curves  into  which  its  surfaces  may  be  changed.  If  it  were 
always  a  spheroid  more  or  less  oblate,  the  focal  length  of  each 
surface  would  vary  inversely  as  the  square  of  the  axis  :  but,  if 
the  surfaces  became,  from  spherical,  portions  of  hyperbolic 
conoids,  or  of  oblong  spheroids,  or  changed  from  more  obtuse 
to  more  acute  figures  of  this  kind,  the  focal  length  would  vary 
more  rapidly.  Disregarding  the  elongation  of  the  axis,  and 
supposing  the  curvature  of  eacli  surface  to  be  changed  propor- 
tionally, the  radius  of  the  anterior  must  become  about  24,  and 
that  of  the  posterior  17  hundredths. 

VIII.  I  shall  now  proceed  to  inquire,  which  of  these  changes 
takes  place  in  nature;  and  I  shall  begin  with  a  relation  of  expe- 
riments made  in  order  to  ascertain  the  curvature  of  the  cornea 
in  all  circumstances. 

The  method  described  in  Mr.  Home's  Croonian  Lecture  for 
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1795,*  appears  to  be  far  preferable  to  the  apparatus  of  the 
preceding  year :  -f  for  a  difference  in  the  distance  of  two  images 
seen  in  the  cornea,  would  be  far  greater,  and  more  conspicuous, 
than  a  change  of  its  prominency,  and  far  less  liable  to  be 
disturbed  by  accidental  causes.  It  is  nearly,  and  perhaps 
totally  impossible  to  change  the  focus  of  the  eye,  without  some 
motion  of  its  axis.  The  eyes  sympathize  perfectly  with  each 
other ;  and  the  change  of  focus  is  almost  inseparable  from  a 
change  of  the  relative  situation  of  the  optic  axes  ;  so  much,  that 
if  I  direct  both  my  eyes  at  an  object  beyond  their  furthest  focus, 
I  cannot  avoid  bringing  that  focus  a  little  nearer :  while  one 
axis  moves,  it  is  not  easy  to  keep  the  other  perfectly  at  rest; 
and  it  is  not  impossible,  that  a  change  in  the  proportions  of  some 
eyes,  may  render  a  slight  alteration  of  the  position  of  the  axis 
absolutely  necessary.  These  considerations  may  partly  explain 
the  trifling  difference  in  the  place  of  the  cornea  that  was  ob- 
served in  1 794.  It  appears  that  the  experiments  of  1795  were 
made  with  considerable  accuracy,  and  no  doubt  with  excellent 
instruments ;  and  their  failing  to  ascertain  the  existence  of  any 
change,  induced  Mr.  Home  and  Mr.  Ramsden  to  abandon, 
in  great  measure,  the  opinion  which  suggested  them,  and  to 
suppose,  that  a  change  of  the  cornea  produces  only  one-third  of 
the  effect.  Dr.  Olbers  of  Bremen,  who  in  the  year  1780 
published  a  most  elaborate  dissertation  on  the  internal  changes 
of  the  eye,  J  which  he  lately  presented  to  the  Royal  Society, 
had  been  equally  unsuccessful  in  his  attempts  to  measure  this 
change  of  the  cornea,  at  the  same  time  that  his  opinion  was  in 
favour  of  its  existence. 

•  Phil.  Trans,  for  1796,  p.  2.  f  Phil.  Trans,  for  1795,  p.  13. 

t  Dc  Oculi  Mutationibus  internis.   Gotting.  1780.  40. 
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Room  was  however  still  left  for  a  repetition  of  the  experi- 
ments; and  I  began  with  an  apparatus  nearly  resembling  that 
which  Mr.  Home  has  described.  I  had  an  excellent  achromatic 
microscope,  made  by  Mr.  Ramsden  for  my  friend  Mr.  John 
Ellis,  of  five  inches  focal  length,  magnifying  about  20  times. 
To  this  I  adapted  a  cancellated  micrometer,  in  the  focus  of  the 
eye  not  employed  in  looking  through  the  microscope :  it  was 
a  large  card,  divided  by  horizontal  and  vertical  lines  into  for- 
tieths of  an  inch.  When  the  image  in  the  microscope  was  com- 
pared with  this  scale,  care  was  taken  to  place  the  head  so  that 
the  relative  motion  of  the  images  on  the  micrometer,  caused  by 
the  unsteadiness  of  the  optic  axis,  should  always  be  in  the  direc- 
tion of  the  horizontal  lines,  and  that  there  could  be  no  error, 
from  this  motion,  in  the  dimensions  of  the  image  taken  verti- 
cally. I  placed  two  candles  so  as  to  exhibit  images  in  a  vertical 
position  in  the  eye  of  Mr.  Konig,  who  had  the  goodness  to 
assist  me ;  and,  having  brought  them  into  the  field  of  the  mi- 
croscope, where  they  occupied  35  of  the  small  divisions,  I 
desired  him  to  fix  his  eye  on  objects  at  different  distances  in  the 
same  direction :  but  I  could  not  perceive  the  least  variation  in  the 
distance  of  the  images. 

Finding  a  considerable  difficulty  in  a  proper  adjustment  of 
the  microscope,  and  being  able  to  depend  on  my  naked  eye  in 
measuring  distances,  without  an  error  of  one  500th  of  an  inch,  I 
determined  to  make  a  similar  experiment  without  any  magnify- 
ing power;  I  constructed  a  divided  eye-glass  of  two  portions  of 
a  lens,  so  small,  that  they  passed  between  two  images  reflected 
from  my  own  eye ;  and,  looking  in  a  glass,  I  brought  the  appa- 
rent places  of  the  images  to  coincide,  and  then  made  the 
change  requisite  for  viewing  nearer  objects  f  but  the  images  still 
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coincided.  Neither  could  I  observe  any  change  in  the  images 
reflected  from  the  other  eye,  where  they  could  be  viewed  with 
greater  convenience,  as  they  did  not  interfere  with  the  eye- 
glass. But,  not  being  at  that  time  aware  of  the  perfect  sympa- 
thy of  the  eyes,  I  thought  it  most  certain  to  confine  my  obser- 
vation to  the  one  with  which  I  saw.  I  must  remark  that,  by  a 
little  habit,  I  have  acquired  a  very  ready  command  over  the 
accommodation  of  my  eye,  so  as  to  be  able  to  view  an  object 
with  attention,  without  adjusting  my  eye  to  its  distance. 

I  also  stretched  two  threads,  a  little  inclined  to  each  other, 
across  a  ring,  and  divided  them  by  spots  of  ink  into  equal 
spaces.  I  then  fixed  the  ring,  applied  my  eye  close  behind  it, 
and  placed  two  candles  in  proper  situations  before  me,  and  a 
third  on  one  side,  to  illuminate  the  threads.  Then,  setting  a 
small  looking-glass,  first  at  four  inches  distance,  and  next  at 
two,  I  looked  at  the  images  reflected  in  it,  and  observed  at 
what  part  of  the  threads  they  exactly  reached  across  in  each 
case ;  and  with  the  same  result  as  before. 

I  next  fixed  the  cancellated  micrometer  at  a  proper  distance, 
illuminated  it  strongly,  and  viewed  it  through  a  pin-hole,  by 
which  means  it  became  distinct  in  every  state  of  the  eye;  and, 
looking  with  the  other  eye  into  a  small  glass,  I  compared  the 
image  with  the  micrometer,  in  the  manner  already  described. 
I  then  changed  the  focal  distance  of  the  eye,  so  that  the  lucid 
points  appeared  to  spread  into  surfaces,  from  being  too  remote 
for  perfect  vision ;  and  I  noted  on  the  scale,  the  distance  of  their 
centres;  but  that  distance  was  invariable. 

Lastly,  I  drew  a  diagonal  scale,  with  a  diamond,  on  a  looking- 
glass,  (Plate  III.  Fig.  12.)  and  brought  the  images  into  con- 
tact with  the  lines  of  the  scale.   Then,  since  the  image  of  the 
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eye  occupies  on  the  surface  of  a  glass  half  its  real  dimensions, 
at  whatever  distance  it  is  viewed,  its  true  size  is  always  double 
the  measure  thus  obtained.  I  illuminated  the  glass  strongly, 
and  made  a  perforation  in  a  narrow  slip  of  black  card,  which  I 
held  between  the  images ;  and  was  thus  enabled  to  compare 
them  with  the  scale,  although  their  apparent  distance  was  dou- 
ble that  of  the  scale.  I  viewed  them  in  all  states  of  the  eye ; 
but  I  could  perceive  no  variation  in  the  interval  between  them. 

The  sufficiency  of  these  methods  may  be  thus  demonstrated. 
Make  a  pressure  along  the  edge  of  the  upper  eyelid  with  any  small 
cylinder,  for  instance  a  pencil,  and  the  optometer  will  show  that 
the  focus  of  horizontal  rays  is  a  little  elongated,  while  that  of 
vertical  rays  is  shortened ;  an  effect  which  can  only  be  owing  to  a 
change  of  curvature  in  the  cornea.  Not  only  the  apparatus  here 
described,  but  even  the  eye  unassisted,  will  be  capable  of  discover- 
ing a  considerable  change  in  the  images  reflected  from  the  cor- 
nea, although  the  change  be  much  smaller  than  that  which  is  re- 
quisite for  the  accommodation  of  the  eye  to  different  distances. 
On  the  whole,  I  cannot  hesitate  to  conclude,  that  if  the  radius 
of  the  cornea  were  diminished  but  one-twentieth,  the  change 
would  be  very  readily  perceptible  by  some  of  the  experiments 
related  ;  and  the  whole  alteration  of  the  eye  requires  one-fifth. 

But  a  much  more  accurate  and  decisive  experiment  remains.  I 
take  out  of  a  small  botanical  microscope,  a  double  convex  lens,  of 
eight-tenths  radius  and  focal  distance,  fixed  in  a  socket  one-fifth 
of  an  inch  in  depth ;  securing  its  edges  with  wax,  I  drop  into  it  a 
little  water,  nearly  cold,  till  it  is  three-fourths  full,  and  then  apply 
it  to  my  eye,  so  that  the  cornea  enters  half  way  into  the  socket, 
and'is  every  where  in  contact  with  the  water.  (Plate  III.  Fig. 
13. )  My  eye  immediately  becomes  presbyopic,  and  the  refractive 
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power  of  the  lens,  which  is  reduced  by  the  water  to  a  focal 
length  of  about  16  tenths,  (Cor.  5.  Prop.  IV.)  is  not  sufficient 
to  supply  the  place  of  the  cornea,  rendered  inefficacious  by  the 
intervention  of  the  water ;  but  the  addition  of  another  lens,  of 
five  inches  and  a  half  focus,  restores  my  eye  to  its  natural  state, 
and  somewhat  more.  I  then  apply  the  optometer,  and  I  find 
the  same  inequality  in  the  horizontal  and  vertical  refractions  as 
without  the  water ;  and  I  have,  in  both  directions,  a  power  of 
accommodation  equivalent  to  a  focal  length  of  four  inches,  as 
before.  At  first  sight  indeed,  the  accommodation  appears  to 
be  somewhat  less,  and  only  able  to  bring  the  eye  from  the  state 
fitted  for  parallel  rays  to  a  focus  at  five  inches  distance ;  and 
this  made  me  once  imagine,  that  the  cornea  might  have  some 
slight  effect  in  the  natural  state  ;  but,  considering  that  the  arti- 
ficial cornea  was  about  a  tenth  of  an  inch  before  the  place  of 
the  natural  cornea,  I  calculated  the  effect  of  this  difference,  and 
found  it  exactly  sufficient  to  account  for  the  diminution  of  the 
range  of  vision.  I  cannot  ascertain  the  distance  of  the  glass 
lens  from  the  cornea  to  the  hundredth  of  an  inch ;  but  the  error 
cannot  be  much  greater,  and  it  may  be  on  either  side. 

After  this,  it  is  almost  necessary  to  apologize  for  having 
stated  the  former  experiments ;  but,  in  so  delicate  a  subject,  we 
cannot  have  too  great  a  variety  of  concurring  evidence. 

IX.  Having  satisfied  myself  that  the  cornea  is  not  concerned 
in  the  accommodation  of  the  eye,  my  next  object  was  to  inquire 
if  any  alteration  in  the  length  of  its  axis  could  be  discovered ; 
for  this  appeared  to  be  the  only  possible  alternative :  and,  con- 
sidering that  such  a  change  must  amount  to  one-seventh  of  the 
diameter  of  the  eye,  I  flattered  myself  with  the  expectation  of 
submitting  it  to  measurement.   Now,  if  the  axis  of  the  eye 
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were  elongated  one-seventh,  its  transverse  diameter  must  be 
diminished  one-fourteenth,  and  the  semi-diameter  would  be 
shortened  a  thirtieth  of  an  inch. 

I  therefore  placed  two  candles  so  that  when  the  eye  was 
turned  inwards,  and  directed  towards  its  own  image  in  a  glass, 
the  light  reflected  from  one  of  the  candles  by  the  sclerotica 
appeared  upon  its  external  margin,  so  as  to  define  it  distinctly 
by  a  bright  line ;  and  the  image  of  the  other  candle  was  seen  in 
the  centre  of  the  cornea.  I  then  applied  the  double  eye-glass, 
and  the  scale  of  the  looking-glass,  in  the  manner  already  de- 
scribed ;  but  neither  of  them  indicated  any  diminution  of  the 
distance,  when  the  focal  length  of  the  eye  was  changed. 

Another  test,  and  a  much  more  delicate  one,  was  the  appli- 
cation of  the  ring  of  a  key  at  the  external  angle,  when  the  eye 
was  turned  as  much  inwards  as  possible,  and  confined  at  the 
same  time  by  a  strong  oval  iron  ring,  pressed  against  it  at  the 
internal  angle.  The  key  was  forced  in  as  far  as  the  sensibility 
of  the  integuments  would  admit,  and  was  wedged,  by  a  mode- 
rate pressure,  between  the  eye  and  the  bone.  In  this  situation, 
the  phantom  caused  by  the  pressure  extended  within  the  field 
of  perfect  vision,  and  was  very  accurately  defined  ;  nor  did  it, 
as  I  formerly  imagined,  by  any  means  prevent  a  distinct  percep- 
tion of  the  objects  actually  seen  in  that  direction ;  and  a  straight 
line  coming  within  the  field  of  this  oval  phantom,  appeared 
somewhat  inflected  towards  its  centre  ;  (Plate  III.  Fig.  14.) 
a  distortion  easily  understood  by  considering  the  effect  of  the 
pressure  on  the  form  of  the  retina.  Supposing  now,  the  dis- 
tance between  the  key  and  the  iron  ring  to  have  been,  as  it 
really  was,  invariable,  the  elongation  of  the  eye  must  have  been 
either  totally  or  very  nearly  prevented;  and,  instead  of  an 
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increase  of  the  length  of  the  eye's  axis,  the  oval  spot  caused 
by  the  pressure  would  have  spread  over  a  space  at  least  ten 
times  as  large  as  the  most  sensible  part  of  the  retina.  But  no 
such  circumstance  took  place:  the  power  of  accommodation 
was  as  extensive  as  ever ;  and  there  was  no  perceptible  change, 
either  in  the  size  or  in  the  figure  of  the  oval  spot. 

Again,  since  the  rays  which  pass  through  the  centre  of  the 
pupil,  or  rather  the  anterior  vertex  of  the  lens,  may,  as  already 
observed,  be  considered  as  delineating  the  image ;  and,  since 
the  divergence  of  these  rays  with  respect  to  each  other,  is  but 
little  affected  by  the  refraction  of  the  lens,  they  may  still  be 
said  to  diverge  from  the  centre  of  the  pupil ;  and  the  image  of 
a  given  object  on  the  retina  must  be  very  considerably  en- 
larged, by  the  removal  of  the  retina  to  a  greater  distance  from 
the  pupil  and  lens.  (Cor.  Prop.  V*.)  To  ascertain  the  real 
magnitude  of  the  image  with  accuracy,  is  not  so  easy  as  it  at 
first  sight  appears;  but,  besides  the  experiment  last  related, 
which  might  be  employed  as  an  argument  to  this  purpose,  there 
are  two  other  methods  of  estimating  it  The  first  is  too  hazard- 
ous to  be  of  much  use ;  but,  with  proper  precautions,  it  may  be 
attempted.  I  fix  my  eye  on  a  brass  circle  placed  in  the  rays  of 
the  sun,  and,  after  some  time,  remove  it  to  the  cancellated  mi- 
crometer ;  then,  changing  the  focus  of  my  eye,  while  the  micro- 
meter remains  at  a  given  distance,  I  endeavour  to  discover 
whether  there  is  any  difference  in  the  apparent  magnitude  of  the 
spectrum  on  the  scale ;  but  I  can  discern  none.  I  have  not  insisted 
on  the  attempt ;  especially  as  I  have  not  been  able  to  make  the 

•  This  Corollary  should  stand  thus.    "  If  a  confused  image  be  received  on  any 
given  plane,  it  will  be  necessary,  in  order  to  determine  its  magnitude,  to  advert  to  the 
aperture  admitting  the  rays.  If  the  aperture  be  supposed  to  be  infinitely  small,  it  may 
be  considered  as  a  radiant  point,  in  order  to  find  the  direction  of  the  emergent  rays." 
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spectrum  distinct  enough  without  inconvenience ;  and  no  light 
is  sufficiently  strong  to  cause  a  permanent  impression  on  any 
part  of  the  retina  remote  from  the  visual  axis.  I  therefore  had 
recourse  to  another  experiment.  I  placed  two  candles  so  as 
exactly  to  answer  to  the  extent  of  the  termination  of  the  optic 
nerve,  and,  marking  accurately  the  point  to  which  my  eye  was 
directed,  I  made  the  utmost  change  in  its  focal  length ;  expect- 
ing that,  if  there  were  any  elongation  of  the  axis,  the  external 
candle  would  appear  to  recede  outwards  upon  the  visible  space. 
(Plate  III.  Fig.  15.)  But  this  did  not  happen ;  the  apparent  place 
of  the  obscure  part  was  precisely  the  same  as  before.  I  will 
not  undertake  to  say,  that  I  could  have  observed  a  very  minute 
difference  either  way:  but  I  am  persuaded,  that  I  should  have 
discovered  an  alteration  of  less  than  a  tenth  part  of  the  whole. 

It  may  be  inquired  if  no  change  in  the  magnitude  of  the 
image  is  to  be  expected  on  any  other  supposition ;  and  it  will 
appear  to  be  possible,  that  the  changes  of  curvature  may  be  so 
adapted,  that  the  magnitude  of  the  confused  image  may  remain 
perfectly  constant.  Indeed,  to  calculate  from  the  dimensions 
-which  we  have  hitherto  used,  it  would  be  expected  that  the 
image  should  be  diminished  about  one-sixtieth,  by  the  utmost 
increase  of  the  convexity  of  the  lens.  But  the  whole  depends 
on  the  situation  of  the  refracting  surfaces,  and  the  respective 
increase  of  their  curvature,  which,  on  account  of  the  variable 
density  of  the  lens,  can  scarcely  be  estimated  with  sufficient 
accuracy.  Had  the  pupil  been  placed  before  the  comea,  the 
magnitude  of  the  image  must,  on  any  supposition,  have  been 
very  variable  :  at  present,  this  inconvenience  is  avoided  by  the 
situation  of  the  pupil;  so  that  we  have  here  an  additional 
instance  of  the  perfection  of  this  admirable  organ. 


Digitized  by  Google  I 


69  Dr.  YdUNG's  Lecture 


From  the  experiments  related,  it  appears  to  be  highly  im- 
probable that  any  material  change  in  the  length  of  the  axis 
actually  takes  place;  and  it  is  almost  impossible  to  conceive  by 
what  power  such  a  change  could  be  effected.  The  straight 
muscles,  with  the  adipose  substance  lying  under  them,  would 
certainly,  when  acting  independently  of  the  socket,  tend  to 
flatten  the  eye :  for,  since  their  contraction  would  necessarily 
lessen  the  circumference  or  superficies  of  the  mass  that  they 
contain,  and  round  off  all  its  prominences,  their  attachment 
about  the  nerve  and  the  anterior  part  of  the  eye  must  therefore 
be  brought  nearer  together.  ( Plate  V.  Fig.  21,  22.)  Dr. 
Olbers  compares  the  muscles  and  the  eye  to  a  cone,  of  which 
the  sides  are  protruded,  and  would  by  contraction  be  brought 
into  a  straight  line.  But  this  would  require  a  force  to  preserve 
the  cornea  as  a  fixed  point,  at  a  given  distance  from  the  origin 
of  the  muscles ;  a  force  which  certainly  does  not  exist.  In  the 
natural  situation  of  the  visual  axis,  the  orbit  being  conical,  the 
eye  might  be  somewhat  lengthened,  although  irregularly,  by 
being  forced  further  into  it ;  but,  when  turned  towards  either 
side,  the  same  action  would  rather  shorten  its  axis ;  nor  is  there 
any  thing  about  the  human  eye  that  could  supply  its  place. 
In  quadrupeds,  the  oblique  muscles  are  wider  than  in  man; 
and  in  many  situations  might  assist  in  the  effect.  Indeed  a 
portion  of  the  orbicular  muscle  of  the  globe  is  attached  so  near 
to  the  nerve,  that  it  might  also  co-operate  in  the  action :  and  I 
have  no  reason  to  doubt  the  accuracy  of  Dr.  Olbers,  who 
states,  that  he  effected  a  considerable  elongation,  by  tying  threads 
to  the  muscles,  in  the  eyes  of  hogs  and  of  calves ;  yet  he  does 
not  say  in  what  position  the  axis  was  fixed ;  and  the  flaccidity 
of  the  eye  after  death  might  render  such  a  change  very  easy  as 
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would  be  impossible  in  a  living  eye.  Dr.  Olbers  also  mentions 
an  observation  of  Professor  Wrisberg,  on  the  eye  of  a  man 
whom  he  believed  to  be  destitute  of  the  power  of  accommoda- 
tion in  his  life-time,  and  whom  he  found,  after  death,  to  have 
wanted  one  or  more  of  the  muscles  :  but  this  want  of  accom- 
modation was  not  at  all  accurately  ascertained.  I  measured,  in 
the  human  eye,  the  distance  of  the  attachment  of  the  inferior 
oblique  muscle  from  the  insertion  of  the  nerve :  it  was  one-fifth 
of  an  inch ;  and  from  the  centre  of  vision  not  a  tenth  of  an 
inch ;  so  that,  although  the  oblique  muscles  do  in  some  positions 
nearly  form  a  part  of  a  great  circle  round  the  eye,  their  action 
would  be  more  fitted  to  flatten  than  to  elongate  it.  We  have 
therefore  reason  to  agree  with  Winslow,  in  attributing  to  them 
the  office  of  helping  to  support  the  eye  on  that  side  where  the 
bones  are  most  deficient:  they  seem  also  well  calculated  to 
prevent  its  being  drawn  too  much  backwards  by  the  action  of 
the  straight  muscles.  And,  even  if  there  were  no  difficulty  in 
supposing  the  muscles  to  elongate  the  eye  in  every  position,  yet 
at  least  some  small  difference  would  be  expected  in  the  extent 
of  the  change,  when  the  eye  is  in  different  situations,  at  an 
interval  of  more  than  a  right  angle  from  each  other;  but  the 
optometer  shews  that  there  is  none. 

Dr.  Hosack  alleges  that  he  was  able,  by  making  a  pressure 
on  the  eye,  to  accommodate  it  to  a  nearer  object :  *  it  does  not 
appear  that  he  made  use  of  very  accurate  means  of  ascertaining 
the  fact ;  but,  if  such  an  effect  took  place,  the  cause  must  have 
been  an  inflection  of  the  cornea. 

It  is  unnecessary  to  dwell  on  the  opinion  which  supposes  a 
joint  operation,  of  changes  in  the  curvature  of  the  cornea  and 

•  Phil.  Trani.  for  1794.  p.  a  12. 
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in  the  length  of  the  axis.  This  opinion  had  derived  very  great 
respectability,  from  the  most  ingenious  and  elegant  manner  in 
•which  Dr.  Olbers  had  treated  it,  and  from  being  the  last  result 
of  the  investigation  of  Mr.  Home  and  Mr.  Ramsden.  But 
either  of  the  series  of  experiments  which  have  been  related, 
appears  to  be  sufficient  to  confute  it. 

X.  It  now  remains  to  inquire  into  the  pretensions  of  the 
crystalline  lens  to  the  power  of  altering  the  focal  length  of  the 
eye.  The  grand  objection  to  the  efficacy  of  a  change  of  figure 
in  the  lens,  was  derived  from  the  experiments  in  which  those 
who  have  been  deprived  of  it  have  appeared  to  possess  the 
faculty  of  accommodation. 

My  friend  Mr.  Ware,  convinced  as  he  was  of  the  nearness 
and  accuracy  of  the  experiments  related  in  the  Croonian  Lec- 
ture for  1795,  yet  could  not  still  help  imagining,  from  the  ob- 
vious advantage  all  his  patients  found,  after  the  extraction 
of  the  lens,  in  using  two  kinds  of  spectacles,  that  there  must, 
in  such  cases,  be  a  deficiency  in  that  faculty.  This  circumstance, 
combined  with  a  consideration  of  the  directions  very  judiciously 
given  by  Dr.  Porterfield,  for  ascertaining  the  point  in  ques- 
tion, first  made  me  wish  to  repeat  the  experiments  upon  various 
individuals,  and  with  the  instrument  which  I  have  above  de- 
scribed as  an  improvement  of  Dr.  Porterfield's  optometer  : 
and  I  must  here  acknowledge  my  great  obligation  to  Mr. 
Ware,  for  the  readiness  and  liberality  with  which  he  intro- 
duced me  to  such  of  his  numerous  patients  as  he  thought  most 
likely  to  furnish  a  satisfactory  determination.  It  is  unnecessary 
to  enumerate  every  particular  experiment ;  but  the  universal 
result  is,  contrary  to  the  expectation  with  which  I  entered  on 
the  inquiry,  that  in  an  eye  deprived  of  the  crystalline  lens,  the 
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actual  focal  distance  is  totally  unchangeable.  This  will  appear 
from  a  selection  of  the  most  decisive  observations. 

1.  Mr.  R.  can  read  at  four  inches  and  at  six  only,  with  the 
same  glass.  He  saw  the  double  lines  meeting  at  three  inches, 
and  always  at  the  same  point ;  hut  the  cornea  was  somewhat 
irregularly  prominent,  and  his  vision  not  very  distinct ;  nor  had 
I,  at  the  time  L  saw  him,  a  convenient  apparatus. 

I  afterwards  provided  a  small  optometer,  with  a  lens  of  less 
than  two  inches  focus,  adding  a  series  of  letters,  not  in  alpha- 
betical order,  and  projected  i  1 1  to  such  a  form  as  to  be  most  legi- 
ble at  a  small  inclination.  The  excess  of  the  magnifying  power 
had  the  advantage  of  making  the  lines  more  divergent,  and 
their  crossing  mure  conspicuous  ;  and  the  letters  served  for 
more  readily  naming  the  distance  of  the  intersection,  and,  at 
the  same  time,  forjudging  of  the  extent  of  the  power  of  distin- 
guishing objects  too  near  or  too  remote  for  perfect  vision. 
(Plate  V.  Fig.  23.) 

2.  Mr.  J.  had  not  an  eye  very  proper  for  the  experiment; 
buthe  appeared  to  distinguish  the  letters  at  2^  inches,  and 
at  less  than  an  inch.  This  at  first  persuaded  me,  that  he 
must  have  a  power  of  changing  the  focal  distance  :  but  I  after- 
wards recollected  that  be  had  withdrawn  his  eye  considerably, 
to  look  at  the  nearer  letters,  and  had  also  partly  closed  his 
eyelids,  no  doubt  contracting  at  the  same  time  the  aperture  of 
the  pupil ;  an  action  which,  even  in  a  perfect  eye,  always  ac- 
companies the  change  of  focus.    The  slider  was  not  applied. 

3.  Miss  II.  a  young  lady  of  about  twenty,  had  a  very  narrow 
pupil,  and  I  had  not  an  opportunity  of  trying  the  small  opto- 
meter :  but,  when  she  once  saw  an  object  double  through  the 
slits,  no  exertion  could  make  it  appear  single  at  the  same  dis- 
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tance.  She  used  for  distant  objects  a  glass  of  4 -J-  inches  focus; 
with  this  she  could  read  as  far  oft*  as  12  inches,  and  as  near  as 
five :  for  nearer  objects  she  added  another  of  equal  focus,  and 
could  then  read  at  7  inches,  and  at  2 

4.  Hanson,  a  carpenter,  aged  63,  had  a  cataract  extracted 
a  few  years  since  from  one  eye :  the  pupil  was  clear  and  large, 
and  he  saw  well  to  work  with  a  lens  of  2  f  inches  focus ;  and 
could  read  at  8  and  at  15  inches,  but  most  conveniently  at  11. 
With  the  same  glass,  the  lines  of  the  optometer  appeared  always 
to  meet  at  11  inches;  but  he  could  not  perceive  that  they 
crossed,  the  line  being  too  strong,  and  the  intersection  too  dis- 
tant. The  experiment  was  afterwards  repeated  with  the  small 
optometer :  he  read  the  letters  from  s  to  3  inches ;  but  the 
intersection  was  always  at  2  £  inches.  He  now  fully  understood 
the  circumstances  that  were  to  be  noticed,  and  saw  the  crossing 
with  perfect  distinctness :  at  one  time,  he  said  it  was  a  tenth  of 
an  inch  nearer ;  but  I  observed  that  he  had  removed  his  eye 
two  or  three  tenths  from  the  glass,  a  circumstance  which 
accounted  for  this  small  difference. 

5.  Notwithstanding  Hanson's  age,  I  consider  him  as  a  very 
fair  subject  for  the  experiment.  But  a  still  more  unexception- 
able eye  was  that  of  Mrs.  Maberly.  She  is  about  30,  and  had 
the  crystalline  of  both  eyes  extracted  a  few  years  since,  but 
sees  best  with  her  right  She  walks  without  glasses ;  and,  with 
the  assistance  of  a  lens  of  about  four  inches  focus,  can  read 
and  work  with  ease.  She  could  distinguish  the  letters  of  the 
small  optometer  from  an  inch  to  2  \  inches ;  but  the  intersection 
was  invariably  at  the  same  point,  about  19  tenths  of  an  inch 
distant.  A  portion  of  the  capsule  is  stretched  across  the  pupil, 
and  causes  her  to  see  remote  objects  double,  when  without  her 
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glasses ;  nor  can  she,  by  any  exertion,  bring  the  two  images 
nearer  together,  although  the  exertion  makes  them  more  dis- 
tinct, no  doubt  by  contracting  the  pupil.  The  experiment  with 
the  optometer  was  conducted,  in  the  presence  of  Mr.  Ware, 
with  patience  and  perseverance  ;  nor  was  any  opinion  given  to 
make  her  report  partial. 

Considering  the  difficulty  of  finding  an  eye  perfectly  suitable 
for  the  experiments,  these  proofs  may  be  deemed  tolerably 
satisfactory.  But,  since  one  positive  argument  will  counter- 
balance many  negative  ones,  provided  it  be  equally  grounded 
on  fact,  it  becomes  necessary  to  inquire  into  the  competency  of 
the  evidence  employed  to  ascertain  the  power  of  accommoda- 
tion attributed,  in  the  Croonian  Lecture  for  1794,,  to  the  eye  of 
Benjamin  Clerk.  And  it  appears,  that  the  distinction  long 
since  very  properly  made  by  Dr.  Jurin,  between  distinct  vision 
and  perfect  vision,  will  readily  explain  away  the  whole  of  that 
evidence. 

It  is  obvious  that  vision  may  be  made  distinct  to  any  given 
extent,  by  means  of  an  aperture  sufficiently  small,  provided  at 
the  same  time,  that  a  sufficient  quantity  of  light  be  left,  while 
the  refractive  powers  of  the  eye  remain  unchanged.  And  it  is 
remarkable,  that  in  those  experiments,  when  the  comparison 
with  the  perfect  eye  was  made,  the  aperture  of  the  imperfect 
eye  only  was  very  considerably  reduced.  Benjamin  Clerk, 
with  an  aperture  of  ^  of  an  inch,  could  read  with  the  same 
glass  at  1  £  inch,  and  at  7  inches.*  With  an  equal  aperture,  I 
can  read  at  1  -J  inch  and  at  30  inches  :  and  I  can  retain  the  state 
of  perfect  relaxation,  and  read  with  the  same  aperture  at  9  J 
inches ;  and  this  is  as  great  a  difference  as  was  observed  in 

•  Phil.  Trans,  for  1795.  p.  9. 
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Benjamin  Clekk's  eye.  It  is  also  a  fact  of  no  small  impor- 
tance, that  Sir  Henry  Englefield  was  much  astonished,  as 
well  as  the  other  observers,  at  the  accuracy  with  which  the 
man's  eye  was  adjusted  to  the  same  distance,  in  the  repeated 
trials  that  were  made  with  it.  *  This  circumstance  alone  makes 
it  highly  probable,  that  its  perfect  vision  was  confined  within 
very  narrow  limits. 

Hitherto  I  have  endeavoured  to  shew  the  inconveniences 
attending  other  suppositions,  and  to  remove  the  objections  to 
the  opinion  of  an  internal  change  of  the  figure  of  the  lens. 
I  shall  now  state  two  experiments,  which,  in  the  first  place,  come 
very  near  to  a  mathematical  demonstration  of  the  existence  of 
such  a  change,  and,  in  the  second,  explain  in  great  measure  its 
origin,  and  the  manner  in  which  it  is  effected. 

I  have  already  described  the  appearances  of  the  imperfect 
image  of  a  minute  point  at  different  distances  from  the  eye,  in 
a  state  of  relaxation.  For  the  present  purpose,  I  will  only 
repeat,  that  if  the  point  is  beyond  the  furthest  focal  distance  of 
the  eye,  it  assumes  that  appearance  which  is  generally  described 
by  the  name  of  a  star,  the  central  part  being  considerably  the 
brightest.  (Plate  VI.  Fig.  36—39.)  But,  when  the  focal  dis- 
tance of  the  eye  is  shortened,  the  imperfect  image  is  of  course 
enlarged ;  and,  besides  this  necessary  consequence,  the  light  is 
also  very  differently  distributed  ;  the  central  part  becomes  faint, 
and  the  margin  strongly  illuminated,  so  as  to  have  almost 
the  appearance  of  an  oval  ring.  (Fig.  41.)  If  I  apply  the 
slider  of  the  optometer,  the  shadows  of  the  slits,  while  the  eye 
is  relaxed,  are  perfectly  straight,  dividing  the  oval  either  way 
into  parallel  segments:  (Fig  42,  44.)  but,  when  the  accom- 
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modation  takes  place,  they  immediately  become  curved,  and  the 
more  so  the  further  they  are  from  the  centre  of  the  image,  to 
which  their  concavity  is  directed.  (Fig.  43,  45.)  If  the  point 
be  brought  much  within  the  focal  distance,  the  change  of  the 
eye  will  increase  the  illumination  of  the  centre,  at  the  expense 
of  the  margin.  The  same  appearances  are  equally  observable, 
when  the  effect  of  the  cornea  is  removed  by  immersion  in  water; 
and  the  only  imaginable  way  of  accounting  for  the  diversity,  is 
to  suppose  the  central  parts  of  the  lens  to  acquire  a  greater 
degree  of  curvature  than  the  marginal  parts.  If  the  refraction 
of  the  lens  remained  the  same,  it  is  absolutely  impossible  that 
any  change  of  the  distance  of  the  retina  should  produce  a  cur* 
vature  in  those  shadows,  which,  in  the  relaxed  state  of  the  eye, 
are  found  to  be  in  all  parts  straight;  and,  that  neither  the  form 
nor  the  relative  situation  of  the  cornea  is  concerned,  appears 
from  the  application  of  water  already  mentioned. 

The  truth  of  this  explanation  is  fully  confirmed  by  the  opto- 
meter. When  I  look  through  four  narrow  slits,  without  exer- 
tion, the  lines  always  appear  to  meet  in  one  point :  but,  when  I 
make  the  intersection  approach  me,  the  two  outer  lines  meet 
considerably  beyond  the  inner  ones,  and  the  two  lines  of  the 
same  side  cross  each  other  at  a  still  greater  distance.  ( Plate  V. 
Fig.  24. ) 

The  experiment  will  not  succeed  with  every  eye ;  nor  can  it 
be  expected  that  such  an  imperfection  should  be  universal :  but 
one  case  is  sufficient  to  establish  the  argument,  even  if  no  other 
were  found.  I  do  not  however  doubt,  that  in  those  who  have  a 
large  pupil,  the  aberration  may  be  very  frequently  observable. 
In  Dr.  Wollaston's  eye,  the  diversity  of  appearance  is  imper- 
ceptible; but  Mr.  Konig  described  the  intersections  exactly  as 
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they  appear  to  me,  although  he  had  received  no  hint  of  what  1 
had  observed.  The  lateral  refraction  is  the  most  easily  ascer- 
tained, by  substituting  for  the  slits  a  tapering  piece  of  card,  so 
as  to  cover  all  the  central  parts  of  the  pupil,  and  thus  deter- 
mining the  nearest  crossing  of  the  shadows  transmitted  through 
the  marginal  parts  only.  When  the  furthest  intersection  was  at 
38,  I  could  bring  it  to  32  parts  with  two  narrow  slits ;  but  with 
the  tapered  card  only  to  89.  From  these  data  we  may  deter- 
mine pretty  nearly,  into  what  form  the  lens  must  be  changed; 
supposing  both  the  surfaces  to  undergo  proportional  alterations 
of  curvature,  and  taking  for  granted  the  dimensions  already 
laid  down :  for,  from  the  lateral  aberration  thus  given,  we  may 
find  (by  Prop,  ill.)  the  subtangents  at  about  one-tenth  of  an 
inch  from  the  axis;  and  the  radius  of  curvature  at  each  vertex, 
is  already  determined  to  be  about  si  and  15  hundredths  of  an 
inch.  Hence  the  anterior  surface  must  be  a  portion  of  a  hyper- 
boloid,  of  which  the  greater  axis  is  about  50 ;  and  the  posterior 
surface  will  be  nearly  parabolical.  In  this  manner  the  change 
will  be  effected,  without  any  diminution  of  the  transverse  dia- 
meter of  the  lens.  The  elongation  of  its  axis  will  not  exceed 
the  fiftieth  of  an  inch  ;  and,  on  the  supposition  with  which  we 
set  out,  the  protrusion  will  be  chiefly  at  the  posterior  vertex. 
The  form  of  the  lens  thus  changed  will  be  nearly  that  of  Plate  V. 
Fig.  26 ;  the  relaxed  state  being  nearly  as  represented  in  Fig.  25. 
Should,  however,  the  rigidity  of  the  internal  parts,  or  any  other 
considerations,  render  it  convenient  to  suppose  the  anterior  surface 
more  changed,  it  would  still  have  room,  without  interfering 
with  the  uvea ;  or  it  might  even  force  the  uvea  a  little  forwards, 
without  any  visible  alteration  of  the  external  appearance  of 
the  eye. 
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From  this  investigation  of  the  change  of  the  figure  of  the 
lens,  it  appears  that  the  action  which  I  formerly  attributed  to 
the  external  coats,  cannot  afford  an  explanation  of  the  pheno- 
menon.   The  necessary  effect  of  such  an  action  would  be,  to 
produce  a  figure  approaching  to  that  of  an  oblate  spheroid ; 
and,  to  say  nothing  of  the  inconvenience  attending  a  dimi- 
nution of  the  diameter  of  the  lens,  the  lateral  refraction  would 
be  much  more  increased  than  the  central;  nor  would  the 
slight  change  of  density,  at  an  equal  distance  from  the  axis, 
be  at  all  equivalent  to  the  increase  of  curvature:  we  must 
therefore  suppose  some  different  mode  of  action  in  the  power 
producing  the  change.    Now,  whether  we  call  the  lens  a 
muscle  or  not,  it  seems  demonstrable,  that  such  a  change  of 
figure  takes  place  as  can  be  produced  by  no  external  cause ; 
and  we  may  at  least  illustrate  it  by  a  comparison  with  the 
usual  action  of  muscular  fibres.   A  muscle  never  contracts, 
without  at  the  same  time  swelling  laterally,  and  it  is  of  no 
consequence  which  of  the  effects  we  consider  as  primary.  I 
was  induced,  by  an  occasional  opacity,  to  give  the  name  of 
membranous  tendons  to  the  radiations  from  the  centre  of  the 
lens ;  but,  on  a  more  accurate  examination,  nothing  really  ana- 
logous to  tendon  can  be  discovered.    And,  if  it  were  supposed 
that  the  parts  next  the  axis  were  throughout  of  a  tendinous,  and 
therefore  unchangeable  nature,  the  contraction  must  be  princi- 
pally effected  by  the  lateral  parts  of  the  fibres ;  so  that  the  coats 
would  become  thicker  towards  the  margin,  by  their  contraction, 
while  the  general  alteration  of  form  would  require  them  to  be 
thinner;  and  there  would  be  a  contrariety  in  the  actions  of  the 
various  parts.    But,  if  we  compare  the  central  parts  of  each 
surface  to  the  belly  of  the  muscle,  there  is  no  difficulty  in 

Digitized  by  Google 


ye  Dr.  Young's  Lecture 

conceiving  their  thickness  to  be  immediately  increased,  and  to 
produce  an  immediate  elongation  of  the  axis,  and  an  increase 
of  the  central  curvature;  while  the  lateral  parts  co-operate 
more  or  less,  according  to  their  distance  from  the  centre,  and 
in  different  individuals  in  somewhat  different  proportions.  On 
this  supposition,  we  have  no  longer  any  difficulty  in  attributing 
a  power  of  change  to  the  crystalline  of  fishes.    M.  Petit,  in  a 
great  number  of  observations,  uniformly  found  the  lens  of 
fishes  more  or  less  flattened :  but,  even  if  it  were  not,  a  slight 
extension  of  the  lateral  part  of  the  superficial  fibres  would  allow 
those  softer  coats  to  become  thicker  at  each  vertex,  and  to  form 
the  whole  lens  into  a  spheroid  somewhat  oblong ;  and  here,  the 
lens  being  the  only  agent  in  refraction,  a  less  alteration  than  in 
other  animals  would  be  sufficient.    It  is  also  worthy  of  inquiry, 
whether  the  state  of  contraction  may  not  immediately  add  to 
the  refractive  power.    According  to  the  old  experiment,  by 
which  Dr.  Goddard  attempted  to  show  that  muscles  become 
more  dense  as  they  contract,  such  an  effect  might  naturally 
be  expected  That  experiment  is,  however,  very  indecisive,  and 
the  opinion  is  indeed  generally  exploded,  but  perhaps  too  has- 
tily ;  and  whoever  shall  ascertain  the  existence  or  non-existence 
of  such  a  condensation,  will  render  essential  service  to  physio- 
logy in  general. 

Dr.  Pemberton,  in  the  year  1719,  first  systematically  dis- 
cussed the  opinion  of  the  muscularity  of  the  crystalline  lens.* 
He  referred  to  Leeuwenhoek's  microscopical  observations; 
but  he  so  overwhelmed  his  subject  with  intricate  calculations, 
that  few  have  attempted  to  develope  it :  and  he  grounded  the 

•  De  Pacultitc  Oculi  qua  ad  diversas  Rerum  distantias  se  accommodat.  L.  B.  I719. 
Ap.  Hall.  Disp.  Anat.  IV.  p.  30 1. 
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whole  on  an  experiment  borrowed  from  Barrow,  which  with 
me  has  totally  failed ;  and  I  cannot  but  agree  with  Dr.  Olbers 
in  the  remark,  that  it  is  easier  to  confute  him  than  to  understand 
him.  He  argued  for  a  partial  change  of  the  figure  of  the  lens ; 
and  perhaps  the  opinion  was  more  just  than  the  reasons  adduced 
for  its  support  Lobe',  or  rather  Alb inus,*  decidedly  favours 
a  similar  theory;  and  suggests  the  analogy  of  the  lens  to  the 
muscular  parts  of  pellucid  animals,  in  which  even  the  best 
microscopes  can  discover  no  fibres.  Camper  also  mentions 
the  hypothesis  with  considerable  approbation,  Professor  Reil 
published,  in  1793,  a  Dissertation  on  the  Structure  of  the  Lens ; 
and,  in  a  subsequent  paper,  annexed  to  the  translation  of  my 
former  Essay  in  Professor  Gren's  Journal,  §  he  discussed  the 
question  of  its  muscularity.  I  regret  that  I  have  not  now  an 
opportunity  of  referring  to  this  publication ;  but  I  do  not  recol- 
lect that  Professor  Reil's  objections  are  different  from  those 
which  I  have  already  noticed. 

Considering  the  sympathy  of  the  crystalline  lens  with  the 
uvea,  and  the  delicate  nature^of  the  change  of  its  figure,  there 
is  little  reason  to  expect  that  any  artificial  stimulus  would  be 
more  successful  in  exciting  a  contractive  action  in  the  lens,  than 
it  has  hitherto  been  in  the  uvea ;  much  less  would  mat  contrac- 
tion be  visible  without  art.  Soon  after  Mr.  Hunter's  death,  I 
pursued  the  experiment  which  he  had  suggested,  for  ascertain- 
ing how  far  such  a  contraction  might  be  observable.  My  appa- 
ratus (Plate  V.  Fig.  27.)  was  executed  by  Mr.  Jones.  It 
consisted  of  a  wooden  vessel  blacked  within,  which  was  to  be 

•  De  quibutdam  Oculi  Partitas,  L.  B.  1746.  Ap.  Hall.  Disp.  Anat.  IV.  p.  301. 
t  De  Oculo  Humano.  L.  B.  174a.  Ap.  Hall.  Disp.  Anat.  VII.  2.  p.  108,  109. 
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filled  with  cool,  and  then  with  warmer  water:  a  plane  speculum 
was  placed  under  it ;  a  perforation  in  the  bottom  was  filled  with 
a  plate  of  glass ;  proper  rings  were  fixed  for  the  reception  of 
the  lens,  or  of  the  whole  eye,  and  also  wires  for  transmitting 
electricity :  above  these,  a  piece  of  ground  and  painted  glass, 
for  receiving  the  image,  was  supported  by  a  bracket,  which 
moved  by  a  pivot,  in  connection  with  a  scale  divided  into  fif- 
tieths of  an  inch.  With  this  apparatus  I  made  some  experi- 
ments, assisted  by  Mr.  Wilkinson,  whose  residence  was  near 
a  slaughter-house :  but  we  could  obtain,  by  this  method,  no 
satisfactory  evidence  of  the  change ;  nor  was  our  expectation 
much  disappointed.  I  understand  also,  that  another  member 
of  this  Society  was  equally  unsuccessful,  in  attempting  to  pro-  . 
duce  a  conspicuous  change  in  the  lens  by  electricity. 

XI.  In  man  and  in  the  most  common  quadrupeds,  the  struc- 
ture of  the  lens  is  nearly  similar.  The  number  of  radiations  is  of 
little  consequence;  but  I  find  that  in  the  human  crystalline  there 
are  ten  on  each  side,  (Plate  VI.  Fig.  46.)  not  three,  as  I  once, 
from  a  hasty  observation,  concluded.*  Those  who  find  any 
difficulty  in  discovering  the  fibres,  must  have  a  sight  very  ill 
adapted  to  microscopical  researches.  I  have  laboured  with  the 
most  obstinate  perseverance  to  trace  nerves  into  the  lens,  and 
I  have  sometimes  imagined  that  I  had  succeeded ;  but  I  cannot 
positively  go  further  than  to  state  my  full  conviction  of  their 
existence,  and  of  the  precipitancy  of  those  who  have  absolutely 
denied  it.  The  long  nerves,  which  are  very  conspicuous  be- 
tween the  choroid  and  sclerotic  coats,  divide  each  into  two, 
three,  or  more  branches,  at  the  spot  where  the  ciliary  zone 
begins,  and  seem  indeed  to  furnish  the  choroid  with  some  fine 

•  Dc  Corp.  Hum.  Vir.  Cons.  p.  63. 
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filaments  at  the  same  place.  The  branches  often  re-unite,  with 
a  slight  protuberance,  that  scarcely  deserves  the  name  of  a 
ganglion:  here  they  are  tied  down,  and  mixed  with  the  hard 
whitish-brown  membrane  that  covers  the  compact  spongy  sub- 
stance, in  which  the  vessels  of  the  ciliary  processes  anastomose 
and  subdivide.  (Plate  VI.  Fig.  47.)  The  quantity  of  the 
nerves  wliich  proceeds,  to  the  iris,  appears  to  be  considerably 
smaller  than  that  which  arrives  at  the  place  of  division  :  hence 
there  can  be  little  doubt  that  the  division  is  calculated  to  supply 
the  lens  with  some  minute  branches ;  and  it  is  not  improbable, 
from  the  appearance  of  the  parts,  that  some  fibres  may  pass  to 
the  cornea ;  alrhough  it  might  more  naturally  be  expected,  that 
the  tunica  conjunctiva  would  be  supplied  from  without.  But 
the  subdivisions  which  "probably  pass  to  the  lens,  enter  imme- 
diately into  a  mixture  of  ligamentous  substance  and  of  a  tough 
brownish  membrane ;  and- 1  have  not  hitherto  been  able  to 
develope  them.  Perhaps  animals  may  be  found  in  which  this 
substance  is  of  a  different  nature ;  and  I  do  not  despair  that, 
with  the  assistance  of  injections,  for  more  readily  distinguishing 
the  blood  vessels,  it  may*  still  be  possible  to  trace  them  in 
quadrupeds.  Our  inability  to  discover  them,  is  scarcely  an 
argument  against  their  existence :  they  must  naturally  be  deli- 
cate and  transparent ;  and  we  have  an  instance,  in  the  cornea, 
of  considerable  sensibility,  where  no  nerve  has  yet  been  traced. 
The  capsule  adheres  to  the  ciliary  substance,  and  the  lens  to 
the  capsule,  principally  in  two  or  three  points  ;  but  I  confess,  I 
have  not  been  able  to  observe  that  these  points  are  exactly 
opposite  to  the  trunks  of  nerves ;  so  that,  probably,  the  adhesion 
is  chiefly  caused  by  those  vessels  which  are  sometimes  seen 
passing  to  the  capsule  in  injected  eyes.    We  may,  however, 
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discover  ramifications  from  some  of  these  points,  upon  and 
within  the  substance  of  the  lens,  (Plate  VI.  Fig.  43.)  generally 
following  a  direction  near  to  that  of  the  fibres,  and  sometimes 
proceeding  from  a  point  opposite  to  one  of  the  radiating  lines  of 
the  same  surface.  But  the  principal  vessels  of  the  lens  appear 
.  to  be  derived  from  the  central  artery,  by  two  or  three  branches 
at  some  little  distance  from  the  posterior  vertex;  which*  I 
conceive  to  be  the  cause  of  the  frequent  adhesion  of  a  portion 
of  a  cataract  to  the  capsule,  about  this  point :  they  follow 
nearly  the  course  of  the  radiations,  and  then  of  the  fibres^ 
but  there  is  often  a  superficial  subdivision  of  one  of  the  radii, 
at  the  spot  where  one  of  them  enters.  The  vessels  coming 
from  the  choroid  appear  principally  to  supply  a  substance, 
hitherto  unobserved,  which  fills  up  the  marginal  part  of  the 
capsule  of  the  crystalline,  in  the  form  of  a  thin  zone,  and 
makes  a  slight  elevation,  visible  even  through  the  capsule. 
(Fig.  49 — 51.)  It  consists  of  coarser  fibres  than  the  lens,  but 
in  a  direction  nearly  similar ;  they  are  often  intermixed  with 
small  globules.  v  In  some  animals,  the  margin  of  the  zone  is 
crenated,  especially  behind,  where  it  is  shorter :  this  is  observ- 
able in  the  partridge ;  and,  in  the  same  bird,  the  whole  sur- 
face of  the  lens  is  seen  to  be  covered  with  points,  or  rather 
globules,  arranged  in  regular  lines,  (Plate  VII.  Fig.  52.)  so  as 
to  have  somewhat  the  appearance  of  a  honeycomb,  but  towards 
the  vertex  less  uniformly  disposed.  This  regularity  is  a  suffici- 
ent proof  that  there  could  be  no  optical  deception  in  the  appear- 
ance; although  it  requires  a  good  microscope  to  discover  it  dis- 
tinctly :  but  the  zone  may  be  easily  peeled  off  under  water, 
and  hardened  in  spirits.  Its  use  is  uncertain;  but  it  may  possibly 
secrete  the  liquid  of  the  crystalline ;  and  it  as  much  deserves  the 
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name  of  a  gland,  as  the  greater  part  of  the  substances  usually 
so  denominated.  In  peeling  it  off,  I  have  very  distinctly  observed 

ramifications,  which  were  passing  through  it  into  the  lens; 
(Plate  VI.  Fig.  5o.)  and  indeed  it  is  not  at  all  difficult  to 
detect  the  vessels  connecting  the  margin  of  the  lens  with  its 
capsule;  and  it  is  surprising  that  M.  Petit  should  have 
doubted  of  their  existence.  I  have  not  yet  clearly  discerned 
this  crystalline  gland  in  the  human  eye ;  but  I  infer  the  existence 
of  something  similar  to  the  globules,  from  the  spotted  appear- 
ance of  the  image  of  a  lucid  point  already  mentioned  ;  for  which 
I  can  no  otherwise  account,  than  by  attributing  it  to  a  derange- 
ment of  these  particles,  produced  by  the  external  force,  and 
to  an  unequal  impression  made  by  them  on  the  surface  of 
the  lens. 

In  birds  and  in  fishes,  the  fibres  of  the  crystalline  radiate 
equally,  becoming  finer  as  they  approach  the  vertex,  till  they 
are  lost  in  a  uniform  substance,  of  the  same  degree  of  firmness, 
which  appears  to  be  perforated  in  the  centre  by  a  blood  vessel. 
(Plate  VII.  Fig.  53.)  In  quadrupeds,  the  fibres  at  their  angular 
meeting  are  certainly  not  continued,  as  Leeuwenhoek  imagined, 
across  the  line  of  division  ;  but  there  does  not  appear  to  be  any 
dissimilar  substance  interposed  between  them,  except  that  very 
minute  trunks  of  vessels  often  mark  that  line.    But,  since  the 
whole  mass  of  the  lens,  as  far  as  it  is  moveable,  is  probably 
endued  with  a  power  of  changing  its  figure,  there  is  no  need 
of  any  strength  of  union,  or  place  of  attachment,  for  the  fibres, 
since  the  motion  meets  with  little  or  no  resistance.  Every 
common  muscle,  as  soon  as  its  contraction  ceases,  returns  to 
its  natural  form,  even  without  the  assistance  of  an  antagonist; 
and  the  lens  itself,  when  taken  out  of  the  eye,  in  its  capsule, 
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has  elasticity  enough  to  reassume  its  proper  figure,  on  the 
removal  of  a  force  that  has  compressed  it.  The  capsule  is 
highly  elastic ;  and,  since  it  is  laterally  fixed  to  the  ciliary  zone, 
it  must  co-operate  in  restoring  the  lens  to  its  flattest  form.  If 
it  be  inquired,  why  the  lens  is  not  capable  of  becoming  less 
convex,  as  well  as  more  so,  it  may  be  answered,  that  the  lateral 
parts  have  probably  little  contractive  power;  and,  if  they  had 
more,  they  would  have  no  room  to  increase  the  size  of  the  disc, 
which  they  must  do,  in  order  to  shorten  the  axis ;  and  the  parts 
about  the  axis  have  no  fibres  so  arranged  as  to  shorten  it  by 
their  own  contraction. 

I  consider  myself  as  being  partly  repaid  for  the  labour  lost  in 
search  of  the  nerves  of  the  lens,  by  having  acquired  a  more 
accurate  conception  of  the  nature  and  situation  of  the  ciliary 
substance.  It  had  already  been  observed,  that  in  the  hare  and 
in  the  wolf,  the  ciliary  processes  are  not  attached  to  the  cap- 
sule of  the  lens ;  and  if  by  the  ciliary  processes  we  under- 
stand those  filaments  which  are  seen  detached  after  tearing 
away  the  capsule,  and  consist  of  ramifying  vessels,  the  obser- 
vation is  equally  true  of  the  common  quadrupeds,  and  I  will 
venture  to  say,  of  the  human  eye.*  Perhaps  this  remark 
has  been  made  by  others,  but  the  circumstance  is  not  gene- 
rally understood.  It  is  so  difficult  to  obtain  a  distinct  view  of 
these  bodies,  undisturbed,  that  I  am  partly  indebted  to  accident, 
for  having  been  undeceived  respecting  them  :  but,  having  once 
made  the  observation,  I  have  learnt  to  show  it  in  an  unques- 
tionable manner.  I  remove  the  posterior  hemisphere  of  the 
sclerotica,  or  somewhat  more,  and  also  as  much  as  possible  of 
the  vitreous  humour,  introduce  the  point  of  a  pair  of  scissors 

•  Vid.  Hall.  Physiol.  V.  p.  43a.  et  Duverkky,  ibi  crtat. 
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into  the  capsule,  turn  out  the  lens,  and  cut  off  the  greater 
part  of  the  posterior  portion  of  the  capsule,  and  of  the  rest 
of  the  vitreous  humour.  I  next  dissect  the  choroid  and  uvea 
from  the  sclerotica ;  and,  dividing  the  anterior  part  of  the  cap- 
sule into  segments  from  its  centre,  I  turn  them  back  upon  the 
ciliary  zone.  The  ciliary  processes  then  appear,  covered  with 
their  pigment,  and  perfectly  distinct  both  from  the  capsule  and 
from  the  uvea;  (Plate  VII.  Fig.  54.)  and  the  surface  of  the 
capsule  is  seen  shining,  and  evidently  natural,  close  to  the  base 
of  these  substances*  I  do  not  deny  that  the  separation  between 
the  uvea  and  the  processes,  extends  somewhat  further  back 
than  the  separation  between  the  processes  and  the  capsule ;  but 
the  difference  is  inconsiderable,  and,  in  the  calf,  does  not  amount 
to  above  half  the  length  of  the  detached  part,  ^he  appearance 
of  the  processes  is  wholly  irreconcileable  with  muscularity ;  and 
their  being  considered  as  muscles  attached  to  the  capsule,  is 
therefore  doubly  inadmissible.  Their  lateral  union  with  the 
capsule,  commences  at  the  base  of  their  posterior  smooth  sur- 
face, and  is  continued  nearly  to  the  point  where  they  are  more 
intimately  united  with  the  termination  of  the  uvea ;  so  that, 
however  this  portion  of  the  base  of  the  processes  were  disposed 
to  contract,  it  would  be  much  too  short  to  produce  any  sensible 
effect.  What  their  use  may  be,  cannot  easily  be  determined: 
if  it  were  necessary  to  have  any  peculiar  organs  for  secretion, 
we  might  call  them  glands,  for  the  percolation  of  the  aqueous 
humour;  but  there  is  no  reason  to  think  them  requisite  for  this 
purpose. 

The  marsupium  nigrum  of  birds,  and  the  horse-shoe-like 
appearance  of  the  choroid  of  fishes,  are  two  substances  which 
have  sometimes,  with  equal  injustice,  been  termed  muscular. 
All  the  apparent  fibres  of  the  marsupium  nigrum  are,  as 
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Haller  had  very  truly  asserted,  merely  duplicatures  of  a 
membrane,  which,  when  its  ends  are  cut  off,  may  easily  be 
unfolded  under  the  microscope,  with  the  assistance  of  a  fine  hair 
pencil,  so  as  to  leave  no  longer  any  suspicion  of  a  muscular 
texture.  The  experiment  related  by  Mr.  Home,*  can  scarcely 
be  deemed  a  very  strong  argument  for  attributing  to  this  sub- 
stance a  faculty  which  its  appearance  so  little  authorises  us  to 
expect  in  it.  The  red  substance  in  the  choroid  of  fishes, 
(Plate  VII.  Fig.  55.)  is  more  capable  of  deceiving  the  observer; 
its  colour  gives  it  some  little  pretension,  and  I  began  to  examine 
it  with  a  prepossession  in  favour  of  its  muscular  nature.  But, 
when  we  recollect  the  general  colour  of  the  muscles  of  fishes, 
the  consideration  of  its  redness  will  no  longer  have  any 
weight.  Stripped  of  the  membrane  which  loosely  covers  its 
internal  surface,  (Fig.  56.)  it  seems  to  have  transverse  divi- 
sions, somewhat  resembling  those  of  muscles,  and  to  termi- 
nate in  a  manner  somewhat  similar;  (Fig.  57.)  but,  when 
viewed  in  a  microscope,  the  transverse  divisions  appear  to  be 
cracks,  and  the  whole  mass  is  evidently  of  a  uniform  texture, 
without  the  least  fibrous  appearance ;  and,  if  a  particle  of  any 
kind  of  muscle  is  compared  with  it,  the  contrast  becomes  very 
striking.  Besides,  it  is  fixed  down,  throughout  its  extent,  to 
the  posterior  lamina  of  the  choroid,  and  has  no  attachment 
capable  of  directing  its  effect ;  to  say  nothing  Qf  the  difficulty 
of  conceiving  what  that  effect  could  be.  Its  use  must  remain, 
in  common  with  that  of  many  other  parts  of  the  animal  frame, 
entirely  concealed  from  our  curiosity. 

The  bony  scales  of  the  eyes  of  birds,  which  were  long  ago 
described  in  the  Philosophical  Transactions  by  Mr.  Ranby,^ 

*  Phil.  Trans,  for  1796.  p*  18. 

f  Phil..Tran«.  Vol.  XXXIII.  p.  zzy  Abr.  Vol.  VII.  p.  43$. 
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and  by  Mr.  Warren  *,  afterwards  in  two  excellent  Memoirs  of 
M.  Petit  on  the  eye  of  the  turkey  and  of  the  owl,-}*  and  lately 
by  Mr.  Pierce  Smith,  J  and  Mr.  Home,§  can,  on  any  suppo- 
sition, have  but  little  concern  in  the  accommodation  of  the  eye 
to  different  distances :  they  rather  seem  to  be  necessary  for  the 
protection  of  that  organ,  large  and  prominent  as  it  is,  and  un- 
supported by  any  strength  in  the  orbit,  against  the  various  acci- 
dents to  which  the  mode  of  life  and  rapid  motion  of  those  ani- 
mals must  expose  it ;  and  they  are  much  less  liable  to  fracture 
than  an  entire  bony  ring  of  the  same  thickness  would  have  been. 
The  marsupium  nigrum  appears  to  be  intended  to  assist  in 
giving  strength  to  the  eye,  to  prevent  any  change  in  the 
place  of  the  lens  by  external  force :  it  is  so  situated  as  to  inter- 
cept but  little  light,  and  that  little  is  principally  what  would 
have  fallen  on  the  insertion  of  the  optic  nerve ;  and  it  seems  to 
be  too  firmly  tied  to  the  lens,  even  to  admit  any  considerable 
elongation  of  the  axis  of  the  eye,  although  it  certainly  would 
not  impede  a  protrusion  of  the  cornea. 

With  respect  to  the  eyes  of  insects,  an  observation  of  Pou- 
part  deserves  to  be  repeated  here.  He  remarks,  that  the  eye 
of  the  libellula  is  hollow ;  that  it  communicates  with  an  air- 
vessel  placed  longitudinally  in  the  trunk  of  the  body ;  and  that 
it  is  capable  of  being  inflated  from  this  cavity :  he  supposes  that 
the  insect  is  provided  with  this  apparatus,  in  order  for  the 
accommodation  of  its  eye  to  the  perception  of  objects  at  different 
distances.  ||    I  have  not  yet  had  an  opportunity  of  examining 

•  PhiLTrans.  Vol.  XXXIV.  p.  113.  Abr.  Vol.  VII.  p.  437. 

f  Mem.  dc  1' Acad.  1735.  p.  163.  1736,  p.  166.  Ed.  Amst. 

t  Phil.  Trans,  for  1795.  p.  463.  §  Phil.  Trans,  for  1796.  p.  14. 

H  Phil.  Trans.  Vol.  XXII.  p.  673.  Abr.  II.  p.  76a. 
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the  eye  of  the  libellula ;  but  there  is  no  difficulty  in  supposing 
that  the  means  of  producing  the  change  of  the  refractive  powers 
of  the  eye,  may  be,  in  different  classes  of  animals,  as  diver- 
sified as  their  habits,  and  the  general  conformation  of  their 
organs. 

I  beg  leave  to  correct  here  an  observation  in  my  former  paper, 
relative  to  the  faint  lateral  radiations,  which  I  supposed  to  pro- 
ceed from  the  margin  of  the  iris.  *  I  find,  on  further  exami- 
nation, that  they  are  occasioned  by  reflections  from  the  eye- 
lashes. 

XII.  I  shall  now  finally  recapitulate  the  principal  objects  and 
results  of  the  investigation  which  I  have  taken  the  liberty  of 
detailing  so  fully  to  the  Royal  Society.  First,  the  determination 
of  the  refractive  power  of  a  variable  medium,  and  its  application 
to  the  constitution  of  the  crystalline  lens.  Secondly,  the  con- 
struction of  an  instrument  for  ascertaining,  upon  inspection,  the 
exact  focal  distance  of  every  eye,  and  the  remedy  for  its  imper- 
fections. Thirdly,  to  show  the  accurate  adjustment  of  every 
part  of  the  eye,  for  seeing  with  distinctness  the  greatest  pos- 
sible extent  of  objects  at  the  same  instant.  Fourthly,  to  mea- 
sure the  collective  dispersion  of  coloured  rays  in  the  eye.  Fifthly, 
by  immerging  the  eye  in  water,  to  demonstrate  that  its  accom- 
modation does  not  depend  on  any  change  in  the  curvature  of 
the  cornea.  Sixthly,  by  confining  the  eye  at  the  extremities 
of  its  axis,  to  prove  that  no  material  alteration  of  its  length  can 
take  place.  Seventhly,  to  examine  what  inference  can  be  drawn 
from  the  experiments  hitherto  made  on  persons  deprived  of  the 
lens ;  to  pursue  the  inquiry,  on  the  principles  suggested  by  Dr. 
Porterfield  ;  and  to  confirm  his  opinion  of  the  utter  inabi- 

♦  Phil.  Trans,  for  1793.  p.  178. 
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lity  of  such  persons  to  change  the  refractive  state  of  the  organ. 
Eighthly,  to  deduce,  from  the  aberration  of  the  lateral  rays, 
a  decisive  argument  in  favour  of  a  change  in  the  figure  of  the 
crystalline;  to  ascertain,  from  the  quantity  of  this  aberration, 
the  form  into  which  the  lens  appears  to  be  thrown  in  my  own 
eye,  and  the  mode  by  which  the  change  must  be  produced  in 
that  of  every  other  person.  And  I  flatter  myself,  that  I  shall 
not  be  deemed  too  precipitate,  in  denominating  this  series  of 
experiments  satisfactorily  demonstrative. 

CORRECTIONS. 

Page  18,  line  n,  Prop.  III.  after  e,  insert  the  base  being  unity. 
Page  30,  line  8,  Cor.  10.  for  n  t  u,  read  ntl;  line  9,  Jbr  product  &c.  read  square 
of  the  cosine  of  incidence. 

Page  31,  line  5,  Cor.  1 1.  for  1  +  ux  —  21/*,  read  2  m  «  u. 
Page  31.  Prop.  V.  Cor.    See  the  note  in  p.  60. 

Page  33.  Prop.  VIII.  By  a  mistake  of  a  sign,  the  eighth  proposition  is  rendered 
erroneous  ;  no  use  having  been  made  of  that  proposition,  it  has  been  inserted  without 
proper  revision.   It  ought  to  stand  thus,  with  its  demonstration : 

Proposition  VIII.  Problem. 

To  find  the  path  of  a  ray  of  light  falling  obliquely  on  a  sphere,  'of  a  refractive 
density  varying  as  any  power  of  the  distance  from  the  centre. 

The  refractive  density,  in  the  sense  of  these  propositions,  varies  as  the  ratio  of  the 

sines,  and  as  the  velocity  of  light  in  the  medium.  (Schol.  2.  Prop.  I.)  Let  the  veto- 

1 

city  at  the  distance  x  be  x  T  ;  then,  considering  the  refractive  force  as  a  species  of 


attraction,  we  have,  in  Prop.  41.  1.  1.  Princip.  /ABFD=i    r,  Qj=  s»  the  sine 

s 

of  incidence,  the  radius  being  unity,  Z  =  s  x    ,  D  c  = 


 *  T —  s 

Z=iSXr        .l-5*xr        I  , 


I  *  xr      .  1  —  a*  xr      \     ,  and  the  fluxion  of  the  area  described  by  the  radius 

 *   if 

=  —  \  *  xr       ie .  i  —  4*  x*      !      .   Let  the  sine  of  the  inclination  to  the  radius 


Mi 
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r  — »    i  — « 


at  each  point  be  called  y ;  then  yzis  xr      ,  y  =         sxr      x,  and  the  Euxion 

of  the  area  =  —  j  .i-yyC  *  °f  which  thc  fluent  is  Y'  >  beinS  sklc 
of  the  arc  Y  ;  and  the  angle  corresponding  is  ^7  Y.  The  value  of  that  angle  being 

found  for  any  two  values  of  x  or  y,  the  difference  is  the  intervening  angle  described 
by  the  radius.  This  angle  is  therefore  always  to  the  difference  of  the  inclinations  as 
r  to  r  -  1,  and  the  deviation  is  to  that  difference  as  1  to  r  -  1. 

Corollary.  Hence,  in  the  passage  to  the  apsis,  and  thc  return  to  thc  surface,  the 
deviation  is  always  proportionate  to  the  arc  cut  off  by  the  incident  ray  produced  : 
therefore  such  a  sphere  could  never  collect  parallel  rays  to  any  focus,  the  lateral  den- 
sity being  too  small  towards  the  surface. 

page  jj,  foe  20,  for  but  the  two  last  &c.  read  the  seventh  may  either  be  de- 
duced  from  the  eighth,  or  may  be  demonstrated  independently  of  it. 

Page  42,  line  18,  after  internally,  insert  Or,  if  a  lens  of  equal  mean  dimen- 
sions, and  equal  focal  length,  with  the  crystalline,  be  supposed  to  consist  of  two 
segments  of  the  external  portion  of  such  a  sphere,  the  refractive  density  at  the  centre 
of  this  lens  must  be  as  18  to  17. 

Page  47,  line  12,  for  calculated  &c.  read  estimated  by  means  of  the  eighth 
proposition ;  and  probably. 

Page  53,  line  24,  for  24,  read  21 ;  line  25,  for  17,  read  15. 

Page  61,  line  t\,  for  sixtieth,  read  fortieth. 
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EXPLANATION  OF  THE  FIGURES. 

Plate  II.  Fig.  1.  See  Page  28.  Prop.  III. 

Fig.  2.  See  Page  28.  Prop.  IV. 

Fig.  3.  See  Page  31.  Prop.  V. 

Fig.  4 — 6.  Relating  to  the  optometer.    See  Page  34,. 

Plate  III.  Fig.  7.  The  form  of  the  ends  of  the  optometer, 
when  made  of  card.  The  apertures  in  the  shoulders  are  for 
holding  a  lens :  the  square  ends  turn  under,  and  are  fastened 
together. 

Fig.  8.  The  scale  of  the  optometer.  The  middle  line  is 
divided,  from  the  lower  end,  into  inches.  The  next  column 
shows  the  number  of  a  concave  lens  requisite  for  a  short- 
sighted eye ;  by  looking  through  the  slider  and  observing  the 
number  opposite  to  which  the  intersection  appears  when  most 
remote.  By  observing  the  place  of  apparent  intersection  when 
nearest,  the  number  requisite  will  be  found  in  the  other  column, 
provided  that  the  eye  have  the  average  power  of  accommoda- 
tion. At  the  other  end,  the  middle  line  is  graduated  for  ex- 
tending the  scale  of  inches  by  means  of  a  lens  four  inches  in 
focus ;  the  negative  numbers  implying  that  such  rays  as  pro- 
ceed from  them  are  made  to  converge  towards  a  point  on  the 
other  side  of  the  lens.  The  other  column  shows  the  focal  length 
of  convex  glasses  required  by  those  eyes  to  which  the  inter- 
section appears,  when  nearest,  opposite  the  respective  places  of 
the  numbers. 

Fig.  9.  A  side  view  of  the  optometer,  half  its  size. 

Fig.  10.  The  appearance  of  the  lines  through  the  slider. 

Fig.  11.  Method  of  measuring  the  magnitude  of  an  image 
on  the  retina.    See  Page  48. 
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Fig.  12.  Diagonal  scale  drawn  on  a  looking-glass. 
Fig.  13.  The  method  of  applying  a  lens  with  water  to  the 
cornea. 

Fig.  14.  The  appearance  of  a  spectrum  occasioned  by  pres- 
sure ;  and  the  inflection  of  straight  lines  seen  within  the  limits 
of  the  spectrum. 

Fig.  15.  An  illustration  of  the  enlargement  of  the  image, 
which  would  be  the  consequence  of  an  elongation  of  the  eye : 
the  images  of  the  candles  which,  in  one  instance,  fall  on 
the  insertion  of  the  nerve,  falling,  in  the  other  instance,  be- 
yond it. 

Plate  IV.  Fig.  16.  The  successive  forms  of  the  image  of  a 
large  distant  object,  as  it  would  be  delineated  by  each  refractive 
surface  in  the  eye;  to  show  how  that  form  at  last  coincides  with 
the  retina.    E  G  is  the  distance  between  the  foci  of  horizontal 

> 

and  vertical  rays  in  my  eye. 

Plate  V.  Fig.  17.  Vertical  section  of  my  right  eye,  seen  from 
without ;  twice  the  natural  size. 

Fig.  18.  Horizontal  section,  seen  from  above. 

Fig.  19.  Front  view  of  my  left  eye  when  the  pupil  is  con- 
tracted ;  of  the  natural  size. 

Fig.  20.  The  same  view  when  the  pupil  is  dilated. 

Fig.  ai.  Outline  of  the  eye  and  its  straight  muscles  when 
at  rest 

Fig.  28.  Change  of  figure  which  would  be  the  consequence 
of  the  action  of  those  muscles  upon  the  eye,  and  upon  the 
-  adipose  substance  behind  it. 

Fig.  23.  Scale  of  the  small  optometer. 

Fig.  24.  Appearance  of  four  images  of  a  line  seen  by  my  eye 
when  its  focus  is  shortest. 


4  k. 


Digitized  by  Google 


on  the  Mechanism  of  the  Eye.  87 

Fig.  25.  Outline  of  the  lens  when  relaxed ;  from  a  compa- 
rison of  M.  Petit's  measures  with  the  phenomena  of  my  own 
eye,  and  on  the  supposition  that  it  is  found  in  a  relaxed  state 
after  death. 

Fig.  26.  Outline  of  the  lens  sufficiently  changed  to  produce 
the  shortest  focal  distance. 

Fig.  27.  Apparatus  for  ascertaining  the  focal  length  of  the 
lens  in  water. 

Plate  VI.  Fig.  28.  Various  forms  of  the  image  depicted  by  a 
cylindrical  pencil  of  rays  obliquely  refracted  by  a  spherical  sur- 
face, when  received  on  planes  at  distances  progressively  greater. 

Fig.  29.  Image  of  a  minute  lucid  object  held  very  near  to 
my  eye. 

Fig.  30.  The  same  appearance  when  the  eye  has  been 
rubbed. 

Fig.  31 — 37.  Different  forms  of  the  image  of  a  lucid  point 
at  greater  and  greater  distances ;  the  most  perfect  focus  being 
like  Fig.  33,  but  much  smaller. 

Fig.  38.  Image  of  a  very  remote  point  seen  by  my  right  eye. 

Fig.  39.  Image  of  a  remote  point  seen  by  my  left  eye ;  being 
more  obtuse  at  one  end,  probably  from  a  less  obliquity  of  the 
posterior  surface  of  the  crystalline  lens. 

Fig.  40.  Combination  of  two  figures  similar  to  the  fifth 
variety  of  Fig.  28 ;  to  imitate  Fig.  38. 

Fig.  41.  Appearance  of  a  distant  lucid  point  when  the  eye  is 
adapted  to  a  very  near  object. 

Fig,  42,  44.  Shadow  of  parallel  wires  in  the  image  of  a 
distant  point,  when  the  eye  is  relaxed. 

Fig.  43»  45-  The  same  shadows  rendered  curved  by  a 
change  in  the  figure  of  the  crystalline  lens. 
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Fig.  46.  The  order  of  the  fibres  of  the  human  crystalline. 

Fig.  47.  The  division  of  the  nerves  at  the  ciliary  zone ;  the 
sclerotica  being  removed.  One  of  the  nerves  of  the  uvea  is 
seen  passing  forwards  and  subdividing.    From  the  calf. 

Fig.  48.  Ramifications  from  the  margin  of  the  crystalline 
lens. 

Fig.  49.  The  zone  of  the  crystalline  faintly  seen  through  the 
capsule. 

Fig.  50.  The  zone  raised  from  its  situation,  with  the  rami- 
fications passing  through  it  into  the  lens. 

Fig.  51 .  The  zone  of  the  crystalline  detached. 

Plate  VII.  Fig.  52.  The  crenated  zone,  and  the  globules 
regularly  arranged  on  the  crystalline  of  the  partridge. 

Fig.  53.  The  order  of  the  fibres  in  the  lens  of  birds  and 
fishes. 

■ 

Fig.  54.  The  segments  of  the  capsule  of  the  crystalline 
turned  back,  to  show  the  detached  ciliary  processes.  From 
the  calf. 

Fig.  55.  Part  of  the  choroid  of  the  cod-fish,  with  its  red 
substance.  The  central  artery  hangs  loose  from  the  insertion 
of  the  nerve. 

Fig.  56.  The  membrane  covering  this  substance  internally, 
raised  by  the  blow-pipe. 

Fig.  57.  The  appearance  of  the  red  substance,  after  the 
removal  of  the  membrane. 
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III.  On  the  necessary  Truth  of  certain  Conclusions  obtained  by 
Means  of  imaginary  Quantities.  By  Robert  Woodhouse, 
A.  M.  Fellow  of  Caius  College.  Communicated  by  the  Rev. 
S.  Vince,  A.  M.  Plumian  Professor  of  Astronomy  in  the  Uni- 
versity of  Cambridge. 

Read  January  8,  1801. 

Amongst  the  various  objections  urged  against  mathematical 
science,  few  oppose  its  evidence  and  logical  accuracy;  and, 
since  its  demonstrations  have  been  acknowledged  to  proceed  by 
a  series  of  the  strictest  inferences,  from  the  most  evident  prin- 
ciples, the  study  of  abstract  science  has  generally  been  deemed 
peculiarly  proper  to  habituate  the  mind  to  just  reasoning.  But 
of  late,  the  dissentions  of  mathematicians  have  subjected  to 
doubt,  even  this  "  collateral  and  intervenient  use for,  not 
only  has  the  mode  of  applying  analysis  to  physical  objects 
been  controverted,  but  certain  parts  of  the  pure  mathematics 
have  become  the  subject  of  dispute.  Much  has  been  heard  of 
the  science  of  quantity  being  vitiated  with  jargon,  absurdity, 
and  mystery,  and  perplexed  with  paradox  and  contradiction ;  so 
that,  from  the  very  complaints  of  the  patrons  of  mathematics, 
its  opponents  may  derive  their  most  potent  arguments,  and 
abundant  matter  for  triumphant  invective. 

The  introduction  of  impossible  quantities,  is  assigned  as  a 
great  and  primary  cause  of  the  evils  under  which  mathematical 
science  labours.    During  the  operation  of  these  quantities, 
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it  is  said,  all  just  reasoning  is  suspended,  and  the  mind  is 
bewildered  by  exhibitions  that  resemble  the  juggling  tricks  of 
mechanical  dexterity. 
The  arguments  that  seem  to  render  all  operations  performed 

* 

with  impossible  quantities  unintelligible,  may  be  included  under 
the  ^Following  statement.  Algebra  is  a  species  of  short-liand 
writing ;  a  language,  or  system  of  characters  or  signs,  invented 
for  the  purpose  of  facilitating  the  comparison  and  combination 
of  ideas.  Now  all  demonstration  by  signs,  must  ultimately 
rest  on  observations  made  on  individual  objects ;  and  all  the 
varieties  of  the  transformation  and  combination  of  signs,  except 
what  are  arbitrary  and  conventional,  must  be  regulated  by  pro- 
perties observed  to  belong  to  the  things  of  which  the  signs  are 
the  representatives.  Demonstration  by  signs  is  shewn  to  be 
true,  by  referring  to  the  individual  things  the  signs  represent ; 
and  is  shewn  to  be  general,  by  remarking  that  the  operation  is 
the  same,  whatever  is  the  thing  signified,  or,  in  other  words, 
that  the  operation  is  independent  of  the  things  signified.  Yet, 
against  this  statement,  from  the  very  concessions  of  the  mathe- 
maticians that  have  opposed  the  use  of  impossible  quantities,  is 
to  be  derived  a  powerful  argument,  an  argument  sufficiently 
satisfactory  to  the  mind,  that  operations  with  impossible  quan- 
tities are  really  regulated  by  the  rules  of  a  logic  equally  just 
with  the  logic  of  possible  quantities.  It  is  conceded,  and  men- 
tioned as  a  paradox,  that  die  conclusions  obtained  by  the  aid 
of  imaginary  quantities  are  most  true  and  certain.  Now,  if 
operations  with- any  characters  or  signs  lead  to  just  conclusions, 
such  operations  must  be  true  by  virtue  of  some  principle  or 
other;  and  the  objections  against  imaginary  quantities,  ought  to 
be  diverted  upon  the  unsatisfactory  explanation  given  of  their 
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nature  and  uses.  It  would  indeed  be  a  singular  paradox,  or 
a  rare  felicity,  if  truth,  not  always  attained  by  meditation,  should 
unexpectedly  result  from  un-ideal  operations  conducted  without 
principle,  purpose,  or  regularity. 

The  paradox,  that  a  process  in  which  no  idea  is  introduced 
conducts  to  truth,  and  that  operations  by  unintelligible  charac- 
ters lead  to  certain  and  just  conclusions,  has  been  expressly 
treated  in  a  paper  presented  to  the  Royal  Society.  The 
ingenious  author,  confining  his  enquiry  concerning  impos- 
sible quantities  to  their  use  in  calculating  the  values  of  sines, 
cosines,  &c.  has  attempted  to  shew,  that  operations  with  such 
quantities  are  true,  on  the  principle  of  analogy.  He  is  of 
opinion,  that,  "  The  operations  performed  with  imaginary  cha- 
tacters,  though  destitute  of  meaning  themselves,  are  yet  notes 
of  reference  to  others  which  are  significant.  They  point  out 
indirectly  a  method  of  demonstrating  a  certain  property  of 
the  hyperbola,  and  then  leave  us  to  conclude  from  analogy, 
that  the  same  property  belongs  also  to  the  circle.  All  that 
we  are  assured  of  by  the  imaginary  investigation  is,  that  its 
conclusion  may,  with  all  the  strictness  of  mathematical  reason- 
ing, be  proved  of  the  hyperbola ;  but  if  from  thence  we  would 
transfer  that  conclusion  to  the  circle^  it  must  be  in  consequence 
of  the  principle  just  now  mentioned;  The  investigation  there- 
fore resolves  itself  ultimately  into  an  argument  from  analogy ; 
and,  after  the  strictest  examination,  will  be  found  without  any 
other  claim  to  the  evidence  of  demonstration."  By  this  explana- 
tion, the  operations  of  imaginary  quantities,  before  disorderly  and 
confused,  assume  some  appearance  of  purpose  and  regularity; 
and  the  assent  of  the  mind,  if  not  compelled  by  certain  proof, 
is  at  least  solicited  by  probable  arguments.    But,  to  mathe- 
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maticians,  who,  in  questions  of  abstract  science,  profess  never 
to  rest  contented  with  "  a  rational  faith  and  moral  persuasion," 
the  principle  of  explanation  just  adduced  must  needs  be  unsa- 
tisfactory; for,  whatever  extension  of  meaning  be  allowed  to 
the  term  analogy,  still  this  is  certain,  that  a  proof  by  analogy 
is  inferior  to  strict  demonstration.  What  is  it  that  determines 
the  nature  of  this  analogy  ?  Or  how  can  its  several  coincidences, 
kiterruptions,  and  limitations  be  ascertained,  except  by  sepa- 
rate and  direct  investigations  of  the  properties  of  the  circle 
and  hyperbola  ?  If  the  analogy  between  the  two  curves  depends 
on  investigation,  and  is  limited  thereby,  then  all  operations 
with  imaginary  expressions  are  perfectly  nugatory;  since  we 
are  not  warranted  to  adopt  a  single  conclusion  obtained  by 
their  aid,  except  such  conclusion  be  verified  by  a  distinct  and 
rigorous  demonstration. 

The  author  of  the  principle  of  analogy  allows  that  it  is 
imperfect ;  and  I  perceive  no  sure  method  of  ascertaining  the 
restrictions  to  which  it  is  subject,  except  by  the  forms  that 
result  from  actual  investigation. 

To  shew  that  the  principle  of  analogy  ought  to  be  aban- 
doned, and  a  more  natural  and  satisfactory  one  sought  for,  an 
argument  may  be  used,  similar  to  the  one  employed  against  those 
who  maintain  operations  By  imaginary  symbols  to  be  perfectly 
unintelligible;  that,  since  arguments  have  been  invented,  which, 
if  they  do  not  satisfy,  yet  afford  the  mind  a  glimpse  and  indis- 
tinct perception  of  the  reason  why  certain  processes  lead  to 
truth,  k  may  be  presumed  possible  to  convert  such  probable 
arguments  into  certain  proofs,  and  to  discipline  a  vague,  peril- 
ous, and  irregular  analogy,  into  a  strict,  sure,  and  formal 
demonstration. 


Digitized  by  Google 


obtained  by  Means  of  imaginary  Quantities.  93 

Convinced  in  my  own  mind,  that  there  can  be  neither  para- 
doxes nor  mysteries  inherent  and  inexplicable  in  a  system  of 
characters  of  our  own  invention,  arid  combined  according  to 
rules,  the  origin  and  extent  of  which  we  can  precisely  ascertain, 
I  have  endeavoured,  in  the  present  memoir,  to  shew  why  certain 
conclusions  obtained  through  the  means  of  imaginary  quantities 
are  necessarily  true :  to  effect  this  is  my  prime  object ;  a  sub- 
ordinate one  is,  to  shew  that  the  method  founded  on  imaginary 
symbols  is  commodious,  and  proper  to  be  adopted,  because  of 
easy  and  extensive  application. 

It  has  been  already  observed,  that  demonstration  ultimately 
depends  on  observations  made  on  individual  objects,,  and  that 
a  conclusion  expressed  by  certain  characters  and  signs,  if  gene- 
ral,  must  be  true  in  each  particular  case  that  presents  itself,  on 
assigning  specific  values  to  the  signs.  After  affixing  a  signifi- 
cation to  the  symbols  x,  +  ,  &c.  the  product  of  (a  -f-  6)  and 
(c  -f-  d)  can  be  proved  equal  to  (ac)  -f  (ad)  +  (be)  (bd); 

if  n  a  =  b,  a  can  be  proved  equal  ay  by  c,  &c.  being  the  signs 
of  real  quantities  ;  but  nothing  can  be  affirmed  concerning  the 
product  of  {a  -f-  b  s/  —  1),  and  (c  -j-  d  v/  —  1),  nor  concern- 
ing the  form  na  =  b  v/  —  1 ;  and  all  that  can  be  meant  by  the 

form  (a-f-6\/  —  1 )  %(c  -f-  d\/  — 1)  is,  that  the  characters 
arc  to  be  combined  after  the  same  manner  that  the  signs  of 

real  quantities  are;  so  that  (a  -f  b  *  (c  -f-  d\/~J, 

and  ac  -\  adV  —  1  -\-  cbs/  —  1  —  bd,  are  two  forms  equi- 
valent to  each  other,  not  proved  equivalent,  but  put  so,  by  ex- 
tending the  rule  demonstrated  for  the  signs  of  real  quantities  ta 
characters  that  are  insignificant. 
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In  like  manner  (a  +  b)**  ~  1  can  never  be  proved  equal  to 

ax^"1  +  xS'^ia*''  b  +  &c.  it  is  only  an  abridged 
symbol  for  the  series ;  there  can  be  no  ambiguity  in  the  mean- 

ing  of  ( a  +  b)         ,  since  it  is  intended  to  represent  the  series 

which  arises  from  developing  (a  +  b)x%r~~*t  after  the  same 
manner  that  {a  +  b)x  is  developed. 

The  symbol  s/  —  1  might  arise  from  translating  questions  of 
which  the  statement  involved  a  contradiction  of  ideas  into  alge- 
braic language,  and  reasoning  on  them,  as  if  they  really  admitted 
a  solution.  For  instance,  if  it  were  required  to  divide  the  number' 
is  into  two  such  parts,  that  their  product  should  equal  37, 
this  question  in  algebraic  language  would  be  12  x  —  x*  =  37  ; 
an  absurd  statement,  since  no  real  number  can  be  assigned  to  x 
that  verifies  it ;  but,  according  to  the  rules  for  transposition,  the 
equation  1 2  x — x% = 37,  is  equivalent  to  x*  —  1 2  x  +  36  =  —  1 . 
If  x  were  the  sign  of  a  real  quantity,  x  —  6t  or  6  —  x,  would  Ije 
the  square  root  of  x*—  12  x  +  36 ;  if  therefore  =♦=  (x  —  6)  be 
put  for  the  square  root,  it  is  put  so  by  extending  the  rule  proved 
for  real  quantities  to  this  case;  and  the  radical  placed  oVer  the 
symbol  —  1,  shews  that  such  extension  has  been  assumed ;  hence 

*  —  6  =  +  >/  —  1  is  an  expression  of  which  the  origin  is 
known,  being  derived  from  x*  —  12  x  +  36*  =—1. 

In  the  present  inquiry,  it  is  immaterial  how  the  symbol  \/~ 
originated :  I  think  its  origin  most  probably  accounted  for  thus. 
The  determination  of  general  rules  for  the  combination  of  alge- 
braic quantities,  was  probably  posterior  to  the  actual  solution  of 
many  problems,  effected  by  particular  artifices.  During  the  solu- 
tions, certain  similar  parcels  of  characters  presented  themselves, 
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,which  it  was  necessary  either  to  combine  or  separate ;  and,  to 

obtain  general  rules  for  their  combination  and  separation,  the 

.first  algebraists  feigned  forms  similar  to  what  really  presented 

themselves  in  specific  cases:*  thus,  in  questions  producing 

•  /,'.}  v.u  i.t::  '.  .     *v  "  •" b*'  / 

•  It  has  been  already  observed,  that  the  determination  of  general  rules  for  algebraic 

operations  was  posterior  to  the  actual  solutions  of  problems.  To  obtain  a  rule  for  the 
multiplication  of  algebraic  quantities,  a. form  such  as  a  —  b  +  c  —  m,  was  proposed 
to  be  multiplied  byd  —  e  +  /  —  x ;  since  it  was  necessary  to  have  a  law  for  the  mul- 
tiplication of  the  signs  +  — ,  a  general  one  was  established,  that  like  signs  multiplied 
produce  unlike  — ,  either  from  proving  such  law  when  {a  +  c)  was  >  b  +  m, 
and  (d  +  f)  >  (e  +  »)»  or  from  remarking  that,  in  the  solution  of  problems,  the  ob- 
servance of  such  law  always  produced  true  conclusions.  It  is  very  certain  that  the 
mind  can  form  no  idea  of  an  abstract  negative  quantity ;  and  therefore  nothing  can  be 
affirmed  concerning  the  multiplication  of  —  a,  and  —  b,  nor  of  ,a  —  b,  and  ,c  —  d, 
if  a  is  <  b,  or  e  <  d.  Let  us  attend,  however,  to  the  real  meaning  of  negative  quan» 
'  tities,  and  to  the  cause  of  their  appearance  in  the  solution  of  problems.  The  rule  for 
transposition  is,  that  quantities  may  be  transferred  from  one  side  of  the  equation  to 
the  other,  changing  their  signs.  By  virtue  of  this  rule,  an  equation  may  appear  under 
the  form  —  x  =r  a  b,  (a  <  b) ,  or  x  —  y  ~  a  —  b,  x  <  y,  a  <  b) ;  which  equa- 
tions, abstractedly  considered,  may  appear  absurd,  but  become  intelligible  by  means 
of  the  equations  x  — 6  —  a,  y  -~  xrzb  —  a,  to  which  they  are  significant,  and  to 
which  they  may  be  immediately  reduced.  Suppose  now,  —  x  =  «  —  b  is  to  be  mul- 
tiplied by  -r-  z  zz  m  —  n  (m  <  h)  ;  if  the  forms  be  reduced  to  theur  equivalent  ones, 
x  —  b  —  a,  and  z  —  n  —  m,  and  then  multiplied,  the  product  may  be  proved 
xz  —  b>t  —  bm  —  an  -{■  am.  Now,  let  (a  —  6)  be  multiplied  by  (m  —  «),  in  the 
same  manner  as  it  ought  to  be  if  a  were  >  b,  vt  >  x,  and  the  product  is, 
{a m  —  an  —  bm  +  bn),  or  (bn  —  bm  —  a x  +  am),  the  same  as  arose  from  mul- 
tiplying b  — >  a  by  n  —  m,  and  which  is  equal  x  z ;  hence  —  x  x  —  s  must  be  put 
xz  1  hence,  in  multiplication,  we  are  sure  to  have  right  results  by  always  observing  the 
law  that  the  product  of  like  signs  is  +,  of  unlike  — .  In  a  similar  manner  it  may  be 
proved,  that  the  product  of  x  —  y  =  a  —  6,  by  m  —  n  =  d  —  c,  will  be  truly  ex- 
pressed by  combining  the  quantities  according  to  the  same  law  for  the  signs.  It  is  evi- 
dent  bow  much  the  establishment  of  this  law  must  facilitate  calculation;  since,  without 
copsin\rii^  whether  .x  is  greater  or  less  than  y,  the  product  of  (x  —  y)  and  of  (m  —  ») 
may  immediately  be  put  down.  Such  equations  zsx-yzza-b,(<y)  must  fre- 
quently occur  in  calculation,  unless  every  step_of  the  process  be  rendered  extremely 
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quadratic  equations,  forms  such  as  x%  —  *jx  + 10,  x%  +  $x  — 10, 
appeared;  and  therefore,  to  obtain  a  general  rule  for  the  solution 
of  all  like  forms,  x*  =s=  ax  =±=  b  was  invented ;  and  the  solution, 
being  made  general,  was  necessarily  extended  to  those  cases 
which  admitted  no  real  answer.  When  such  an  extension  is 
assumed,  it  is  always  indicated  by  the  sym>ol  v/  —  1;  and 
hence,  to  know  what  operations  are  to  be  performed  with  the 
symbol  >/  —  1,  it  is  necessary  to  recur  to  the  quadratic  forms 
from  which  it  is  arbitrarily  derived. 

I  now  proceed  to  shew  how  sines,  cosines,  &c.  may  be  ex- 
pressed by  means  of  exponential  expressions ;  and,  for  the  sake 
of  perspicuity,  I  avoid  all  fluxionary  operations,  and  adhere  to 
a  purely  algebraical  calculus. 

To  find  the  form  for  the  developement  of  e*,  let  y  =  e*f 

ory  =  i  +  *  —  i)X  =  i  +e  —  i|  ,  »  being  any  quantity 
which  disappears  of  itself  in  the  value  of  v. 

Now  i  =  i  +  n        i)  +  ZJl?-!l(e--iy  + 

&c.  =  (arranging  the  terms  according  to  the  powers  of  n) 
l+Aa  +  Bw'+Cji'-f,  &c. 

A=(c-  x(e  — — —  &c.  the  values 
of  B,  C,  &c.  it  is  unnecessary  to  investigate,  since  they  disap- 
pear in  the  calculation. 

tedious  bv  considerations  on  the  relative  value  of  quantities,  and  unless  the  rule  for 
transposition  be  clogged  with  needless  limitations :  an  abstract  negative  quantity  is 
indeed  unintelligible ;  but  -  x  =  -  a,  or  x  -y -  a  -  6  (*  <y),  are  perfectly  in- 
telligible by  means  of  their  equivalent  equations,  x  =  a,  y  —  r  =  b  —  a,  to  which 
they  can  be  immediately  reduced.  The  tendency  of  the  reform  proposed  to  be  intro- 
duced into  algebra  is,  it  appears  to  me,  to  destroy  the  chief  advantages  of  that  art; 
its  compendious  and  expeditious  methods  of  calculation. 
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X 

Hence  y  =  (1  +  A«  +  B»'  +  C?iJ  +  &c.)" 

=  t  +  £(A»  +  B»l+&c.)  +  f^j^(A»+B;il+&c.y 
—  1  +i(A-f  Bn  +  &c.)  +  r,(x2""w)(A    +B»  +  &c.)'- 

Now,  since  72  is  arbitrary,  and  ought,  by  the  nature  of  the 
function  y,  to  disappear  from  the  expression  of  the  function,  it 
follows,  that  all  terms  multiplied  by  each  power  of  n  must  de- 
stroy each  other;  neglecting,  therefore,  the  terms  which  ought 
of  themselves  to  disappear,  whatever  n  is,  we  have  simply, 

,  =  e-=1+A,  +  41£  +  T^l  +  &c. 
ifA=.)  =  ,+    .r  + -il  +  _f- +  &c.» 

This  demonstration  for  the  development  of  ex  is  general, 
whatever  x  is,  provided  it  is  always  the  sign  of  a  real  quantity  ; 

but  e  '  can  never  be  proved  equal  to  1  -f  x  </  —  1  —  pi 
—     t  ~  5  +  &c-+  w,lat  then  is  to  be  understood  by  <?J    "  '  ? 

7*  I 

merely  this,  that  e  '  is  an  abridged  symbol  for  the  series 
of  characters  1  -f  x  \/  —  1  &c.  not  proved,  but  as- 

I  .  Z 

sumcd,  by  extending  the  form  really  belonging  to  cx  to  ex  V  ~  \ 
In  like  manner,  e" x  *  ~  1  is  an  abridged  symbol  for 

»  This  demonstration  is  due  to  M.  Lagrange. 

t  In  all  treatises,  after  the  demonstration  lor  the  development  of  c* ,  e"^~1  is 
put  j  =  x  v  —  i  —  — -  —  &c.  as  if  this  case  was  really  included  in  the  general  one 
of  c*. 

MDCCCI.  O 
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1  —        —  1  —    ^  — ,  &c.  c  '  an  abridged  symbol 

for  1  -j-  {x  -f  y )  y/  —  1  —  ^^'p-  —  &c.  and  there  can  be  no 
ambiguity  in  what  these  symbols  are  meant  to  represent ;  since 
we  have  only  in  the  demonstrated  form  1  4-  x  -f       +  &c.  to 

*   

substitute  x  v/  —  1,  —  x  \/  —  1,  or  (x  -j-  ^)  >/  —  1,  for  x. 

The  use  made  of  these  abridged  symbols  is,  to  express,  in  an 
algebraic  form,  certain  lines  belonging  to  the  circle,  as  sines, 
cosines,  &c.  for,  since 

ex4/~l  is  an  abridged  symbol  for  1  -f  x\/~\  —  ~  — •  "/r^  &c. 

and  e~  for  1  -  x  y/~  -  ~+  ^L^~\  &c. 

1.2  1  1.2.3' 


 x^Ll         is  a  symbol  for  1  —       4-  — f!  &c. 

2  •>  1 . 2  1  1.2.3.4 

~l  is  a  svmbol  for  x  _         +  £  &c> 

2V-.1  -  1.2311.2.3.4.5 

but  1  —  r—  +  &c.  and  .r  —  ~~  4-  &c.  represent  the  cosine 
and  sine  of  an  arc  x  .-.  —  ,  and  *  -= — , 

2  z  V  —  1 

in  consequence  of  the  assumptions  made,  properly  represent 
the  sine  and  cosine  of  an  arc  x. 

•  The  usual  method  of  deducing  these  expression;,  is  by  a  fluxionary  process.  I 
have  preferred  an  algebraical  one,  for  the  s  ikc  of  perspicuity.  In  an  algebraical  in- 
vestigation,  every  step  may  be  closely  examined,  and  wc  can  easily  retrace  to  the  ori- 
ginal notions  from  which  it  commenced.  In  fluxions,  the  significar.cy  of  the  expres- 
sions, and  the  nature  and  manner  of  their  derivation,  demand  much  time  and  attention, 
to  be  properly  understood.  If,  however,  the  fluxionary  process  be  examined,  its  object 
will  appear  to  be,  to  find  out  a  method  of  abridgedly  representing  the  sine;  &c.  of  an 
arc,  employing  for  that  purpose  a  form  demonstrated  for  real  quantities.  In  this 
♦luxionary  process,  it  is  quite  unnecessary  to  mention  either  the  hyperbola  or  logarithms. 
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■ 

To  remove  all  doubt  and  occasion  of  cavil,  it  is  to  be  under- 
stood, that  [ex  v~l  -f-  e-  x  v  -  ')  means,  that  the  terms  of  the 
series  which  e* v  —  1  represents,  are  to  be  connected  with  the 

terms  of  the  series  that  e~  x  v  -  1  represents,  according  to  the 
rules  obtaining  for  the  addition  of  real  quantities :  again,  that 

x  s/  —  1  —  1/  —  1  is  put  equal  o,  not  by  bringing  xv^  —  1 
under  the  predicament  of  quantity,  and  making  it  the  subject 
of  arithmetical  computation,  but  by  giving  to  -f  and  —  their 
proper  signification  when  used  with  real  quantities,  and  then 

they  designate  reverse  operations :  again,  that  is  equal 

to  x,  not  because  it  is  true  that  a  quantity  multiplied  and  di- 
vided by  the  same  number  remains  the  same,  but  because 

xS/  ZJi  means,  that  x  is  to  be  combined  with  V  —  1  after  the 
v  _  1 

manner  that  real  quantities  are  in  multiplication,  and  then  di- 
vided after  the  manner  that  real  quantities  are  in  division ;  and 
therefore,  since  the  two  operations  are  the  reverse  of  each  otlier, 

*  * — 7  '  and  x  must  be  equivalent  expressions.* 

To  facilitate  the  solution  of  the  propositions  demonstrated  by 
means  of  imaginary  quantities,  I  previously  observe,  that,  A  be- 
ing any  symbol  whatever,  A  x  [ex  +  e~x  v~  —  e3^  -  *), 
and  A  exV~  -|-  A  e~xV~  —  A  are  equivalent  ex- 

*  After  this  manner  ought  to  be  interpreted  what  Maclaurin  and  Bcrnouilli 
have  indistinctly  expressed,  concerning  the  compensation  that  ought  to  take  place  when 
real  quantities  are  represented  by  means  of  imaginary  symbols. — Bern.  Vol.  I.  No.  70. 
Macl.  Fluxions,  Art.  699,  763. 

OS 
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pressions ;  for  the  same  series  results,  whether  the  terms  of  the 

developement  for  exV~i  e~xV~,  be  connected  to- 
gether after  the  manner  pointed  out  by  the  signs  -|  ,  and 

then  combined  with  A,  or  whether  A  be  first  separately  com- 
bined with  each  term  of  e*  e~  *  v~,  e^~\  and  then 
the  resulting  terms  added  together:  again,  e*  v  -  1  x  &  v  -  *, 
and  ^(•r  +  >)v/- are  equivalent  expressions;  for  the  same 
series  results,  whether  the  terms  for  the  developements  of 
ex  ^  ~  1  and  ey  ^  —  1  be  connected  together  after  the  manner 
of  quantities  in  multiplication,  or  whether  v  -  1  be  im- 
mediately developed,  by  putting  (x  +  y)  s/  —  l  for  x,  in  the 
series  i  J-  x  +       +  ^  +  &c.  _ 

for  ex  V~  1  is  the  symbol  for  l  +  x         —  ^  —  ■rl>^2~1  +  &c. 

eyV~  is  the  symbol  for  i  +  y>/~  -  tt;- "TTT7J  +  &c- 
.  ez  V  —  i  x  fJV-i  ^tne  Symbol  x  indicating  that  the  several 
terms  are  to  be  connected  together  according  to  the  rules  of 

multiplication)  equals  i  +  (x  +  y)  —  —  &c. 

which  series  is  abridgedly  expressed  by  the  symbol  e C*  + 
.#  ex  v~  x  ey         and  *(*  +  are  symbols  alike  sig- 

nificant; or,  since  it  must  now  be  evident  in  what  sense  the 
equality  of  imaginary  expressions  is   to  be  understood, 

After  this  explanation  of  the  nature  of  the  operations  directed 
by  means  of  certain  signs  x,+,  &c.  to  be  performed  with  the 
symbols  ex  t/~,  &  */~,  &c.  the  following  propositions  may 
be  clearly  and  strictly  proved. 
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i.  -Sin.  x  .  cos.  y=i  sin^x  +  y)  +  \  sin.  (x  -  ^ 

For  sin.  .r  =  *  =4=  >  cos.>'  =  ±  ; 

2  V    _  1  £ 

.•.sin.  x  x  cos.;1  =  ^   ^ —  y  *  \^  J 

=_  by  what  has  been  shewn, 

\\, /,) ,  —  M,(,_v)^—  t  (^£l_J_L  l•:V-■- 
=l-*   77=7  v*    2 

(.r  +  V)     —       -  (,■  -|  v)  V~                c(.r  _  v;  v'—  _  e-{r-ry)^  ~  • 
_  j       <  '   J..      _______  ■   — — 

=  ^  x  sin.  (*+>•)  -h  -J  sin.  (j;  -  j). 

2.  coT^'  - -rb  !-os.  ,z .r  +  «  •  cos.  [n-2]  x  +  ^^'cos.  (w -  4U  +  &c. 
i      i       ("  +  3)  p.-  +  P  ■>  +  7)  =  »        /  ^  r„  an  odd  number)  or 

h  —  *  (,_  .;lt«-3)   5-5  V 

«  _:  +  //.  cus.  (;;  -  2]  x  +  l±S=-l}  cos.  in  -  4)  x  +  &c. 


- 

=  1  COS. 

(» 2^  („  .f.  4> . . ..  2>i  ^  ^  n  |^tn    an  cycn  number: 

~     u  .(„_-)...  4    2  2 

tor  cos.  a:  2=  - 


.r  v/—  -r  V  -  ,   n        f  ,r  V  -  ,        _  x  V  -  1  \" 

±_L  COS.  X    =  ^  ;   y 

(  e  +  e  j  x  (  +J  1;  HOW, 

if  [  «;.r  V—  _|_         .r  ^-=7;,"  -  ■  wcrc  =         -  T.  -r  V—  + 
,.<„  -  5)  .r  V—  +  <^c  (,,,■  +  r_x  ✓  — \ «  woul,| 

4-  /<•  c'"  — P  rv/~  -f-  &c.  or,  ii*  the  iicwlopemcnt  of 
(c».r  •  e—x  <S~in  —  1  were  according  to  the  law  of  the 

binomial  theorem,  the  clevelopement  ol'  \a-1'  v  ~  1  -\-  e~-jV  ~  i}" 
would  be  according  to  the  same  law :  but  the  devclopement  of 
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(e*'—  +  r"'~ )'  is  according  to  that  law  .-.  of 

("  —  1 )  ("  —  3 )  "  —  5  •  ■  3       I  +f  'j  +  &C. 

C»  —  3)  «— 5  -  3  x  V  2  y 

=  ^r,  (cos.  nx  +  n.  cos.  (»-«)*  +  &c.  +  ffij  ^  +  *  cos.  x) 

when  n  is  even 

,  1^_0  •r*'--  i  +  &c    ,(»+»)  (»+jQ^LlLlli!L\ 

1     2  ^     ^  («-+;.. 4- *y 

=  —  *  I  7  ±1  j  +  &c, 

T  («  -z)  {n-±)  ....2        \  z  ■      '  «  .  (,,  _  2)  _  ,  .  .  2  x  T 

= l—  *  (cos-   +  cos.  (n  -  2]  x  +  &c.  [;;  +  *]  l;;!^;;:;2;  cos.  s  * 

*  77 („_2)  ■■■  xf  By  a  similar  investigation,  sine  x 

may  be  determined. 

•  This  is  the  greatest  coefficient  in  the  binomial,  and  belongs  to  the  term  in  which 

the  index  of  e  is  o ;  for  the  coefficient  of  the  mih  term  is  »("-'H"-t)  ■■■  (*-«  +  »)^ 

1.2.3      • .  •  *i  —  1 
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3.  The  sum  of  cos.  x  +  cos.  2  x  -f  cos.  3  x  -f  cos.  ?i  x 

co*.  rt  j-  —  cos.  (w  4  1)  r  -f-  cos  .r  —  i     r       .  - 

=  — 7  ,  tor  this  sum  is 

2  [l  —  COS.  .t)  ' 


or 


x  x  +  +  +  tf-,xvrz7) 

-fix  ^-.xN/rr^^-zxN/rr  _j_  &c  ^jV—  ^ 

Now,  according  to  the  explanation  that  has  been  given  of  equality, 

- 1  +  czxs/~. . .  enxS/~'  =  rrN/=7  x  ( 1  +  +  f2-rv/'=T . . .  e ~  *V~ ) 

if  S  were  an  abridged  symbol,  which,  developed  according  to  a 

certain  form,  became  the  series  cxS/ ' ~  1  -f-  *'2X       1  .  .  .  enxS/^~ 
tlien  1  -f  S-  6,N  rV  —  1  would  truly  represent 

1  +  *x  ^JT  +  ez  1  ^~  ...  ^"  -  1 }  1  v/~,  and  therefore  S 
and  e'x  ^  —  1  x  (1  -f  S  —  enx  V  ~  ')  would  be  expressions  equally 
significant,  or  S  would  =  e  T  K/~r'  -f  S  e*  V~  —  ef»"  +  1  > *  ^  ~ , 

or  b  =  --^   ,  the  form  that  must  be  given 

■ 

to  S;  so  that,  when  expanded  after  a  known  form,  it  becomes 

ex  V~  +  e*x  ^~  e»*  V~ \ 

In  like  manner,  the  abridged  symbol  for  e~  x        -f  c~~ 2  1  n/—  1 . . .  e-»  rVZTi 

„.(„_,)  .(L±i)il±i) 

but  index  «-2«+:ro  -  2n?  =  w  +  2  .-.  the  coefficient  is  -  "',    a--  L— 

l»          2/  « 

1.2.?...  _ —    1 

-  a  2 

('-f?w'  +  ^  — . 

—       r, .  (r_  2;  ;„  _.  4j7   _  „  ;  and  it  is  the  greatest  cootrk:cnt,  since  the  coeffi- 

cients of  the  adjacent  terms  are  determined  by  multiplying  it  by  "Z'.,  +  a  ^nd 
"T^  '  respectively  :  or,  since  ;»  -  i±i,  by  and 
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-  („  +  ,)  x  </ZTx     _  x  vT"7 

is  —l—  Hence  the  series  is  represented 

, —  .r  v  —  i  ...   .         —  ._  ...  . — --. 

c  —  I 

<*  1           I  €       ■    I 

which  is  the  same  as  i 

*    *    <  -  . 

_L  v  ^  ~Z±  v  1  '    i    i  c  — f 


'—  I 


'-I 


or  is 


tf "  x  v^TT  _  j  _  ^  (j,  +  i)  i  v/^ 
=  4-  x  ===== 


-f  <• 


2    C 


2  X 


COS.  «  X  —  CO*,  (tt         l).f   +  COS.   r  —  1 
:  2X(I—  COS.  .1) 

In  like  manner,  the  series  sin.  x  -f-  sin.  2  x  +  •  •  •  sin.  ;w  x  may 


be  shewn  =   2  ( \  _  cos. ,  }   •  1  hc  sum  ot  cos'  x 


-f-  cos.  2  x  ...  cos.  n  x  may  easily  be  found,  by  expressing  it 
under  the  form  ( i  ±1  )  +  U  ±1  ) 

/  nx  sf  —  i        _  n  x  x/^~i  ! 1 

-f  . . .  |i  ±i  i  ;  which,  by  expanding  the  terms, 


Digitized  by  Google 


obtained  by  Means  of  imaginary  Quantities.  105 


and,  consequently,  equals  —  -]— jcos.  (2  x)  -{-  cos.  (4.x)  -f-  cos. 

1  cos.  dij-  cos.  (2  n  +  2)  j:  4-  cos.  lx  —  t 


(6\r)  .  . .  cos.  (2  w  .r),or-^  + 


2(1—  COS.  2  X) 


Similarly  may  be  determined  the  sums  of  sin.  x"  -f  sin.  2  jc 
-f  . . .  sin.  n  x  ,  of  cos.  xJ  -p-  cos.  2iJ  +  ...  cos.  n  x  ,  and  ge- 


nerally of  cos.  x  +  cos.  ix  +  •  •  •  •  cos-  w  x  '  f°r>  (w  be^g 
even,  a_  ,j  (w  _  2)  („  _  4) — ,  *M  ^,  _  2)  ^  _  4)  ...4. 2j 
cos.  .2."  =  T^r,  (cos.  w.r-f- «  .cos.  («—  2)x  +  &c.  .. .  B  cos.  2  x  +  ^.  J 

cos.  2/=  ^rr  (cos.  2  «  x + w .  cos.  2  {;/  -  2 )  x+  &c. . . .  B cos.  4 x  +  y J  &c. 

cos. ;«  J."=- T^r.  ( cos>  w  n  x  +  w  • cos-  w  ("  —  2) 1  +  &c  B  • cos- 2  w  J  •  +  7 ) 

•  The  coefficient  A  -f"  +„  |  f!  l!}  I"        '  may  be  differently  expressed,  thus. 


A  = 


'■(n-t)(«-a)  *-»  +  a  _ 

(™ l«  — j)  3-  »  •*  1    ""  +      —  ' 


t  •  (t-1)  If-2)  t[t-1)  (t~2)  4-3- 3 

_  2  (»-,)  2(1.-3)  2(1.-5)  afc-f.  ,) 

"7  •  ("7  -  ')  (7--  2)  4.3.2.1 

^y>_0  („_3)  («-5). .■(-=-  +  i)_  2"  («_,)  ,) 
TIT™1)  (t--2)----4'3-2.  .      v(f-2)  (7— 4)...  «. 6. 4.* 

_»*(«-»)  0»-3)  («-5>-.f  -f»      (J— ,)(-=■- 3)  (f-s).-.5-3-» 
f(T-0(T-4)...6.4.,  X(f-I)(f~3)(f-5)...5.3-I 

_  z1  >-  i)  (;r  — 3)  >  •  3  •  '    _  1  .  3  »  5  •  •  •  (»— 1)  5 

—  -j— —         -  -~  ,  or  ;  2  . 

~  [~  1   0.5.4.3.2.I 
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adding  the  quantities  that  are  vertical  to  each  other,  the  series 
*=  ~r,  [cos.  n  x        +  cos.  snx       +  &c.  •  •  •  cos.  mn  x\ 
+  -£r>  (cos.  («  —  2)  x  +  cos.  s  (n  —  2}  x  +  &c. . . .  cos. m  [n — 2)  #) 
+  &c. 

+  p?r,  (cos.  2  x        +  cos.  4  x  +  &c.  . . .  cos.  2  m  x) 

Now,  each  horizontal  row  consists  of  a  series  of  cosines  of 
arcs  in  arithmetical  progression ;  and  the  sum  of  each  series 
may  immediately  be  obtained  from  the  expression  deduced  in 
proposition  3d. 

I  think  it  superfluous  to  give  more  examples,  since  the  object 
of  this  memoir  is  rather  to  shew  the  logical  justness  of  a  method, 
than  its  commodiousness  or  extent :  all  other  propositions  rela- 
tive to  lines  drawn  in  a  circle,  when  expressed  by  aid  of  the 

symbol  */  —  1 ,  the  same  principle  of  explanation  regulates ; 
the  principle  once  understood,  the  operations  become  mecha- 
nical, require  attention,  but  are  attended  with  no  real  mental 
difficulty. 

It  is  inaccurate  to  call  2  an  imaginary  value 

of  the  cosine  of  an  arc :  the  expression  expanded  is  a  real  one. 

By  use  of  the  symbol  >/  —  1 ,  and  of  the  forms  proved  to  ob- 
tain in  the  combination  of  real  quantities,  a  mode  of  notation 
is  obtained,  by  which  we  may  express  sines  and  cosines,  &c.  re- 
latively to  their  arc. 

If  the  process  by  which  the  foregoing  propositions  have  been 
established  require  illustration,  I  would  ask  what  demonstration 
is,  when  the  characters  employed  are  signs  of  ideas,  or  repre- 
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sentatives  of  real  things;  and  demonstration  would  be  defined 
to  be,  a  method  of  shewing  the  agreement  of  remote  ideas  by  a 
train  of  intermediate  ideas,  each  agreeing  with  that  next  it;  or, 
in  other  words,  a  method  of  tracing  the  connection  between 
certain  principles  and  a  conclusion,  by  a  series  of  intermediate 
and  identical  propositions,  each  proposition  being  converted  into 
its  next,  by  changing  the  combination  of  signs  that  represent 
it,  into  another  shewn  to  be  equivalent  to  it. 

Exactly  according  to  this  plan  have  the  foregoing  proposi- 
tions been  demonstrated  :  the  symbol  for  the  sine  of  x  is 

 ~=  ,  for  the  cosine  of  y  is  i  ±1  ,  and 

the  connection  was  traced  between  (—  '  ~"  c  — — -) 

\  2  V  —  1  / 

x  [  -j  j  and  l  x  i  r7^=  )  +  ± 

x  TT^T  »  b^  a  ser'cs  °^  transformations,  each 

of  which  was  shewn  to  be  lawful,  by  referring  to  what  ex  ^  —  1 
&c.  was  made  to  represent,  and  to  the  nature  of  the  operations 
directed  to  be  performed  by  the  signs  x,  +,  Sec.  thus,  the  trans- 
formation of  <rlV~  x  [ey v' ~  +  e~y  y/~)  into  ex  v~  ^e^~^ 
_|_  exV  —  1  x  e—  y  V  —  1  js  ]awful,  because  the  same  series  results, 
whether  ey  ^  —  1  and  e—y  v  —  1  be  first  expanded,  and  then  each 
term  of  their  sum  be  combined  with  ex  ^  —  or  whether  ex  ^  —  1 
be  separately  combined  with  each  term  of  the  developements 
for  cy  v  —  1  and  e~~  y  ^  —  l,  and  then  the  resulting  terms  added 
together:  again,  the  transformation  of  e*  ^  —  1  x  ey  ^  ~  '  into 

t  *  +y)  v  —  1  is  lawful,  because  the  same  series  results,  whether 

P  2 
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e*'^--*  and  — 1  be  expanded,  and  then  their  terms  com- 
bined according  to  the  rules  for  the  multiplication  of  quantities, 
or  whether  e(*  +  y)  ^  — 1  be  immediately  expanded,  by  writing 
{x  -f  y)  y/  —  l  for  x,  in  the  series  for  e*. 

The  other  demonstrations  examined  will  appear  conducted  on 
the  same  principle,  which  is  simple,  and  of  easy  and  immediate 
application :  hence,  although  the  symbol  >/  —  i  be  beyond  the 
power  of  arithmetical  computation,  the  operations  in  which  it  is 
introduced  are  intelligible,  and  deserve,  if  any  operations  do, 
the  name  of  reasoning. 

It  is  almost  superfluous  to  observe,  that  if  the  operations  by 
means  of  imaginary  symbols  have  appeared  to  be  necessarily 
true,  the  arguments  founded  on  the  analogy  subsisting  be- 
tween the  circle  and  hyperbola  must  be  abandoned,  as  unsatis- 
factory. What  has  been  proved  concerning  the  properties  of 
lines  appertaining  to  a  circle,  has  been  so  without  any  mention 
of  the  hyperbola ;  and  I  may  say,  without  danger  of  refutation, 
that  the  demonstrations  would  be  strictly  true,  if  such  a  curve 
as  the  hyperbola  had  never  been  invented.  Add  to  this,  that 
imaginary  expressions  are  useful  in  leading  to  just  conclusions, 
in  investigations  purely  algebraical. 

The  chief  purpose  of  this  Paper  is  fulfilled,  if  it  has  appeared 
that  the  operations  with  imaginary  symbols  possess  the  evidence 
and  rigour  of  mathematical  demonstration :  whether  it  is  conve- 
nient to  use  imaginary  quantities  in  analytical  investigation,  must 
be  determined  on  the  grounds  of  abridgment  and  extensive  ap- 
plication. In  the  cases  that  I  have  considered,  imaginary  expres- 
.  sions  are  not,  I  know,  indispensably  necessary :  they  are  excluded 
from  each  of  three  different  methods  for  the  solution  of  propo- 
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sitions  relative  to  lines  belonging  to  a  circle,  given  by  M.  La- 
grave,  by  Euler,  (Introductio  in  Analysin  Infinitorum,  p. 

198.)  and  by  Bossut.  (Mem.  de  I'Acad.  1769,  p.  453.)  I  am, 
however,  of  opinion,  that  the  method  of  representing  sines,  co- 
sines, &c.  by  their  abridged  algebraical  symbols,  (such  as  is 
given  in  this  Paper,)  is  the  most  easy  and  extensive  in  its  ap- 
plication. * 

It  will  be  consistent  with  the  purpose  of  the  present  memoir, 
to  consider  some  of  the  expressions  which  I  imagine  are  alluded 
to,  by  those  who  complain  of  the  abuses,  paradoxes,  &c.  intro- 
duced by  negative  and  impossible  quantities. 

The  quantity  which  John  Bernouilli  proved  to 

be  the  circumference  of  a  circle,  is  merely  an  abridged  symbol, 
founded  on  a  form  proved  for  real  quantities  :  the  sense  in  which 
it  is  to  be  understood  is  this,  that  if  in  the  series  for  log.  x,  viz. 

(x  -  O  -  \  {x  -  x-*)  +  x  (x1  -  x-3)  -  &c.  s/  ~is 
substituted  for  x,  and  the  terms  multiplied  by  4  and  divided  by 

v/  —  1,  the  resulting  series  expresses  the  circumference  of  a 
circle. 

The  expressions 

(1)  sin.  [a+  by/~i)  =    (eA  +  c~l)  s'm.a  -{-^p.^  —  e~b)  cos.  a, 

(2)  cos.  [a  -f-  b  \/  —  1)  +  cos.  (a  —  b  >/  —  1)  =  {eb  -f  c~h)  cos.  a, 
are  due  to  Euler  :  the  sense  in  which  alone  they  arc  to  be  un- 

'  derstood  is  this,  that  the  series  which  results  from  substituting 

•  M.  Bossut  docs  not  sum  any  scries  beyond  that  of  the  fourth  power  of  sines 
and  cosines  ot  arcs  in  arithmetical  progression  :  he  contents  himsplf  with  saying,  that 

the  general  law  for  cos.  g*  +  cos.  2  9*  &c.  may  easily  be  discovered. 
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a  4-  h\/  —  1  for  x,  in  the  series  x  —  r       4-  —  &c. 

i  •  z  .  3        i. z.j. 4.. 5 

proved  for  the  sine  of  an  arc  x,  is  the  same  as  what  results  from 
expanding  e*f  e~ht  cos.  a,  sin.  a,  &c.  and  combining  the  terms 
after  the  manner  directed  by  the  signs  -f*,  x,  &c.  A  like  expla- 
nation is  to  be  given  of  the  second  expression. 
If  m  be  an  integer,  c  the  semi  circumference,  and  a  =  (4m*  ']  ct 

then  cos.  <z=o,  and  the  first  expression  becomes  sin.  [a  +  by/^i) 
=  \  (e*  -f-  e~*)  sin.  a.  According  to  the  explanation  I  have  given, 
this  expression  is  very  perspicuous  and  intelligible;  but  Euler, 
inattentive  to  its  true  meaning,  gives  it  an  air  of  mystery  and 
paradox,  when  he  says  that  an  impossible  arc  may  have  a  real 
sine. 

The  symbol  \  Euler  proved  equal  to  0.20787957, 

&c.  To  understand  its  meaning,  we  must  recur  to  the  form  from 
which  it  was  derived :  now,  according  to  the  definition  that  has 
been  given  of  equality  between  imaginary  expressions,  it  may 
be  shewn  that 

r  being  =  \/  a*  -f  6*,  sin.  x  =      cos.  x  =  A 

Now,  if  a  be  put  =  o,  m  =  o,  b  =  1,  n  =  1 ,  the  expression 

[a  +  b  \/~)w  +  nV~1  becomes  (v^^l)"^,  and  the  ex- 
pression to  which  it  is  equal  becomes  e~~*  (c  circumference). 
Or  the  meaning  of  the  symbol  may  be  thus  explained,  x*  is  the 

same  as    **  * .-.  if  v^"i  beput  for*,  ^ = /~ lo«* ^ 

but  it  has  appeared  that  log.  y/^i  Is  an  abridged  symbol  for 
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J— ;  hence  (v^—i)^-1  =^-»,  or      — i)^-1,  is  an 

abridged  symbol  for  the  series  1  -  j-  +  -  ,.af3.4<  +  &c. 

I  do  not  pretend  to  say,  that  such  expressions  as  the  above 
are  likely  to  occur  in  investigation,  and  to  be  practically  use- 
ful ;  my  sole  concern  is  to  shew,  that  they  are  perfectly  intelli- 
gible, and  the  necessary  consequences  of  certain  assumptions. 

The  paradoxes  and  contradictions  mutually  alleged  against 
each  other,  by  mathematicians  engaged  in  the  controversy* 
concerning  the  application  of  logarithms  to  negative  and  im- 
possible quantities,  may  be  employed  as  arguments  against  the 
use  of  those  quantities  in  investigation.  The  paradoxes  and 
contradictions  will  quickly  disappear,  by  adopting  the  same 
mode  of  explanation  that  has  been  already  employed  in  this 
paper.  The  memoir  of  Euler  is  in  some  parts  erroneous,  and 
frequently  unsatisfactory. 

The  use  of  a  mathematical  definition  is,  to  deduce  from  it  the 
properties  of  the  thing  defined ;  and,  whatever  definition  of  lo- 
garithms be  taken,  we  either  have  immediately,  or  may  deduce 

for  the  purpose  of  computation,  an  expression  such  as  y  =  ex,  in 

which  x  is  the  logarithm  of  e*  to  the  base  e ;  the  develope- 

ment  of  e  has  been  proved  to  be  1  +  A  x +       -f-  -j^j  +  &c. 

A  being  =  (e  -  i)  —  \  (e  —  i)*  +  |  (e  —      —  &c. 

•  This  controversy  exercised  along  time  the  abilities  of  Leibnitz,  Bbrnouilli, 
Euler,  D'Alembert,  and  Foncbnex.  The  Commercium  Phiiosophicuin  et  Ma- 
theroaticum,  published  at  Lausanne,  in  17451  and  containing  the  letters  of  the  two 
first  controvertists,  I  have  never  seen;  but  I  presume,  that  all  the  essential  arguments 
of  the  controversy  are  to  be  found  in  Foncenex's  Memoir,  (Vol.  I.  Mem.  de  Turin,) 
in  EutiR*s,  (Mem.  dc  Berlin,  1749.)  and  in  D'Alembert's  Opuscules,  Vol.  I. 
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w  a 

Now  the  question  concerning  the  logarithms  of  negative 
quantities,  in  a  precise  form,  and  freed  from  its  verbal  ambi- 
guities, is  this ;  is  the  symbol  which,  substituted  for  x  in  the 
developement  of  e*,  makes  y  or  e*  =  —  1,  the  sign  of  a  real 
quantity  or  not  ? 

In  the  expression  e*,  x  is  the  logarithm  of  e*,  and,  by  exten- 
sion, x  y/ —  1  is  to  be  called  the  logarithm  of  e*  ^  — *.  Now 

e*^  — 1  is  the  symbol  for  i  +  x  s/  —  i  —  -~  —  *'  ^""^  &c. 
or  (i  -Jr.  +  r^;-  &c.)  +  v/— (x-^  +  &c.) 
or  e*  ^  — 1  may  be  said  to  be  =  cos.  x  +  s/  —  l  sin.  x.  Hence, 
x  </  —  i  is  the  logarithm  of  cos.  x  +  \/  —  i  sin.  x ;  when  the 
arc  x  is  equal  o,  or  2  v,  or  4  *r,  or  6  *r,  or  generally  2  m  its 
cos.  x  =  1. 

Hence  o  is  log.  1, 

or       2  «r  s/  —  1  is  log.  i, 

or       4  v  */  —  1,  or  generally  s»ifv/  —  1 ,  is  log.  1. 
Hence,  if  y  =  1,  the  equation y  =  ex  becomes  1  =  e2  mw vr=rS 
(m  being  any  number  of  the  progression  o,  1,  2,  3,  4,  &c.) 

Again,  if  the  arc  x  is  equal  ir,  or  3  or  5  or,  or  generally 
(2  m  +  1  )  ir,  its  cos.  x  =  —  1. 

of  —  1,  either  or  3  *v/^i,  or  5  or  (2  m  + 1)  W — 1, 

is  to  be  called  the  logarithm;  hence,  if  y  =  —  1,  the  equation 
y  =  e*  becomes  —  1  =  *(2m  +  0*^  —  1. 

The  meaning  of  the  logarithms  of  1  and  —  1  are  then  thus 
to  be  understood.    If  in  the  series 

ij.x  +  ~4  1  -  1-  &c.  for  x  be  substituted 
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either  o, 2  v  s/  —  i,4tt\/—  1,6*-%/—  1  or  [vm**/  —  1), 

the  equation  1  =  1  +  x  +  ^  &c.  becomes  identical;  and  if,  in 

the  same  equation,  for  x  be  substituted  either  ir  </  —  1,3^  >/  —  1, 
5  „-  v/ —  1,  or  (2  w  +  1 )  7T  v/  —  1,  the  equation  —  1  =  1 

-f  x  -f  —  +  &c.  becomes  identical;  for,  substitute  2  m  ?r  \/^T 
for  x  in  series  for  ex,  then  it  becomes 

1  +  -  -73  — —  +  — JT' 

or  1  — ^777-  +~ 774—  &c-  +  v^"~1  (2m^~ I-Tr**0*/ 
or  cos.  2  m  tt  +  \/  —  1  sin.  2  7rt  ?r ;  but  sin.  2w?r=ocos.2Wir 
=  1  .-.  1  =  1. 

In  like  manner  it  will  appear,  that  —  1  =  —  1,  if 
(2  m  -J-  1 )  ?r  \/  —  1  be  substituted  for  x. 
Since  1  =  ez  m  T  V~'  ( 1  )'  =  ,4  ™  *  V~ ,  and  since 

_  1  _  ^«+0^v'-(_i)l==e(2ffl  +  .):,v/T7;  butJn 

the  developcment  of  e{zm  +  0  2  x  ^  the  rule  of  —  x  —  =  + 
is  observed  .-.it  must  be  observed  on  the  other  side  of  the  equation; 
hence,  if  (1  )m  =  ( —  1  )\  the  only  strict  conclusion  that  can  be 

drawn  is  this,  that  m  *  V~  and  e{zm  +  ' )  2  *  ^ '  *  developed, 
produce  the  same  series.  It  is  a  false  consequence  that,  since 
(i)4  =  (  —  1)1  the  logarithm  of  (1)*==  logarithm  (-  1  )\  the 

logarithms  are  the  indices  tyn  tt  and  ( 2  m  -f  1 )  2  w  \/—  1 . 



•  1  is  equal  e  or  e  &c.  or  <  »  and  *  expanded 

are  each  —  i  ;  no  consequence  can  be  drawn  from  what  is  true  for  quantities  elevated 

to  real  powers,  since  t  ^  "  1  can  only  have  the  meaning  assigned  it,  that  of  being 
an  abridged  symbol. 
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Euler,  confounding  the  common  meaning  of  logarithms  with 
their  scientific  definition,  granted  that  the  log.  (i)*was  equal 
log.  ( —  1)*,  and  endeavoured  to  reconcile  the  contradictions 
that  immediately  followed  from  such  a  concession. 

The  arguments  intended  to  prove  that  the  logarithms  of 
negative  quantities  were  real,  may  easily  be  shewn  to  be  nuga- 
tory. Euler,  certainly  too  much  attached  to  mere  calculation, 
instead  of  directly  opposing  them,  sought  to  divert  their  force. 
D'Alembert  asserted,  that  the  two  progressions  1,  2,  3,  &c. 

—  1,  —  2,  —  3,  &c.  might  have  the  same  series  of  logarithms, 
0,  P,  q,  r,  &c.  This  is  true,  if  —  2  means  2  x  ( —  1),  — 3, 
3  x  ( —  1 ),  &c.  or  the  progression  —  1,  —  2,  —  3,  &c.  is  the 
same  as  1  x  ( — 1),  2  ( — 1),  3  ( —  1),  &c.  wherein  ( — 1) 
is  considered  as  an  unit,  or  as  (#)  a  sign  of  a  real  quan- 
tity. But  the  question  is  thus  evaded  ;  since  —  1,  —2,  — 3, 
— ,  &c.  is  brought  precisely  under  the  same  predicament  as 
i>  2i  3»  4»  &c.  The  only  real  point  of  inquiry  could  be,  whe- 
ther, consistently  with  the  system  of  logarithms  established  for 
positive  quantities,  the  logarithms  of  negative  quantities  were 
real. 

A  second  argument  brought  by  Bernouilli  and  D'Alembert 
was,  that  since  a  :  —  a  ::  —  a:  a  .\  ( j)*  =  ( —  a)%  •*•  log.  (a)* 
=  log.  (—a)"  2  log.  (+  a)  =  2  log.  ( — a)  .\  log  (a)  =s 
log  {a).  This  proposition,  affirmed  by  D'Alembert  to  be  strictly 
true,  viz.  (a  :  — a  ::  —  a  :  a),  was  granted  to  be  so  by  Euler, 
although  it  ought  to  have  been  denied ;  since,  thus  abstractedly 
proposed,  it  is  absurd  and  unintelligible,  and  impossible  to  be 
proved.  If,  however,*  ( —  a)%  be  assumed  =  (a)\  ( —  1)*  = 

•  1  have  explained,  in  a  former  note,  for  what  reasons,  and  in  what  circumstances, 

* 

—  a  x  —  *  is  the  same  as  a  x  «. 


Digitized  by  Google 


obtained  by  Means  of  imaginary  Quuuliiks.         >  \$ 

( 1  )4,  then  the  equality  log.  ( —  a)%  =  log.  (a)%  becomes  intel- 
ligible ;  since  it  means  that  the  measure  of  the  ratio  between 
( —  a)%  and  ( —  1)*  is  equal  the  measure  of  the  ratio  between  (a)* 
and  ( —  1  )* ;  but  then  this  argument  becomes  the  same  as  the 
former,  and  is  equally  illusory ;  for  —  a  and  —  1  are  in  fact 
made  a  and  1.  If  logarithms  be  defined,  the  measures  of  ratios 
existing  between  real  quantities,  then  it  is  absurd  to  attempt 
deducing  the  logarithms  of  negative  quantities  from  any  reason- 
ing on  the  relation  that  1  has  to  —  1 ;  since  there  is  no  neces- 
sary connection  between  1  and  —  1 ;  and,  independently  of 
certain  assumptions,  the  ratio  of  1 :  —  1  is  perfectly  unintel- 
ligible. Indeed  the  question  admits  no  other  meaning  than  that 
I  originally  assigned  it :  if  a  form  demonstrated  for  positive 
quantities  be  extended,  then  certain  symbols  may  be  exhibited, 
which,  agreeably  to  such  extension,  are  called  the  logarithms  of 
negative  quantities. 

Other  arguments  than  those  I  have  mentioned,  were  drawn 
from  the  theories  of  curves  and  fluxions,  not  only  foreign  to 
the  question,  which  was  purely  algebraical,  but  of  small  weight ; 
had  they  been  of  greater,  the  inquiry  would  necessarily  have 
been  diverted  on  the  nature  of  the  connection  existing  between 
these  theories  and  algebra. 

In  this  controversy,  the  predominancy  of  the  "  Esprit  Geo* 
metrique"  is  remarkable ;  if,  in  an  inquiry  purely  mathematical, 
any  ambiguity  or  paradox  presents  itself,  the  most  simple  and 
natural  method  is,  to  recur  to  the  original  notions  on  which 
calculation  has  been  founded.  Instead  of  pursuing  this  method, 
the  controvertists  sought  to  derive  illustration  from  obscure 
doctrines,  or  to  discover  the  latent  truth  amidst  the  complex 
forms  and  involutions  of  analysis. 
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My  inquiry  concerning  impossible  quantities,  has  been  con- 
fined to  their  use  in  representing  lines  belonging  to  the  circle, 
and  to  the  necessary  truth  of  the  conclusions  obtained  by  their 
means;  led  by  the  connection  of  the  subjects,  I  have  made  a 
small  deviation,  to  examine  the  true  meaning  of  certain  symbols, 
and  the  contradictions  said  to  embarrass  the  doctrines  of  loga- 
rithms-when  applied  to  negative  quantities.  The  use,  however, 
of  impossible  quantities  has  been  extended  to  all  parts  of  ana- 
lysis. By  their  aid  are  determined,  the  values  of  formulas  that 
occur  in  the  science  of  the  motion  of  fluids,  the  numerators  of 

partial  fractions  as  +       p>  )>  the  developement  of 

r  —  m 

forms  as  (r* — srr' cos.  z  -f  r'%)  ,  and  the  integration  of 
many  differential  equations.*   If,  in  these  cases,  the  operation 

•  By  means  of  impossible  quantities,  Cardan's  rule,  in  the  irreducible  case,  when 
the  three  roots  are  real  and  incommensurable,  may  be  applied.    In  the  equation 

»s  —  P*  +  r,  when  ~  is  <  77,  the  root  appears  under  the  form  V  a  -f  bV  —  1 
 4  »7 

+  \/  a  +  b  V  —  x ;  and,  by  putting  a  +  b  V  —  1  =  r  (cos.  *'  +  sin.  *'  .  V~), 

the  three  root$  may  easily  be  shewn  to  be  2  <S  2.  cos.  il,  t  >/  JL  cos.  (£±2i). 
    3       3         3       \  3  i 

,\/Acos.  (li±i). 

This  method,  indeed,  only  exhibits  the  linear  value  of  the  root ;  the  algebraic  value 
cannot  generally  be  exhibited.  In  some  particular  cases,  the  algebraic  Talue  may  be 
obtained,  when  the  series  that  results  from  adding  the  terms  of  the  developements  of 

V  a  +  b  V^^Tf  and  V  a  —  b  V~7  can  be  summed;  as  M.  Nicole  (Mem. 
de  I'Acad.  1738,  pages  97,  244,)  has  shewn,  who  first  proved  the  expression 

%/  a  +  6  +  V  a  _  b  V      1,  when  expanded,  to  be  real. 

I  am  of  opinion,  that  Car  dan's  solution,  in  the  irreducible  case,  cannot  be  extended 
so  as  to  obtain  the  general  linear  value,  or  in  particular  cases  the  algebraic  value, 
except  by  operations  with  impossible  quantities  ;  at  d  that  when,  by  aid  of  impossible 
quantities,  the  general  linear  value  or  particular  algebraic  values  are  exhibited,  such 
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with  imaginary  symbols  are  intelligible  and  just,  the  only  argu- 
ment for  their  exclusion  must  be  founded  on  the  existence  of 
methods  more  general  and  expeditious. 

The  application  of  imaginary  quantities  to  the  theory  of  equa- 
tions, has  perhaps  been  made  more  extehsively  than  to  any  other 
part  of  analysis.  To  consider  the  propriety  of  this  application 
on  the  grounds  of  perspicuity  and  conciseness,  a  long  discussion 
would  be  necessary.  1  may,  however,  be  here  permitted 
merely  to  state  my  opinion,  that  impossible  quantities  must  be 
employed  in  the  theory  of  equations,  in  order  to  obtain  general 
rules  and  compendious  methods.  The  demonstration  of  the 
principal  proposition,  that  every  root  of  an  equation  is  com- 
prised under  the  form  M  -f-  N  s/  —  1,  and  that  consequently 
every  equation  of  2  n  dimensions,  is  always  divisible  into  n  qua- 
dratic factors,  appears  to  me,  I  confess,  deficient  in  evidence 
and  mathematical  rigour.  To  establish  this  proposition,  and  to 
prove  likewise,  that  every  imaginary  expression  derived  from 
transcendental  operations  is  always  comprised  under  the  form 
M  -|-  N  </  —  1,  is  the  object  of  two  Memoirs  by  D'Alembert 
and  Euler.  (Mem.  de  Berlin,  1746,  1749.) 

M.  Foncenex,  (Mem.de Turin.)  Lagrange, (Mem.de Berlin, 
1771,  1772,  1773,)  Laplace,  Waring,  and  other  mathema- 
ticians, have  directed  their  inquiries  towards  the  same  subject.* 

values  are  necessarily  and  by  strict  consequence  true ;  and  not  true  because  they  may 
be  verified  by  a  distinct  or  more  rigorous  investigation,  nor  because  the  operations 
have  a  t  tcit  and  implied  reference  to  other  more  legitimate  operations. 

*  None  of  the  demonstrations  go  farther  than  to  shew  the  possibility  of  resolving 
an  equation  of  a  »  dimensions  into  *  quadratic  factors.  The  actual  resoluiion  of  equa- 
tions that  pass  the  fourth  degree.  Was  not  hitherto  been  executed.  Of  the  labours  of 
such  learned  men  as  those  I  have  mentioned,  I  speak  with  the  grettest  diffidence*  the 
mere  knowledge,  however,  of  the  possibility  of  the  resolution  of  equations,  appears  to 
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The  nature  of  the  subject  has  obliged  me  to  give  this  paper, 
in  several  of  its  parts,  somewhat  of  a  controversial  cast :  for 
having  used  the  freedom  of  discussion  in  matters  of  pure  sci- 
ence, an  apology  is  unnecessary ;  the  memoir  of  the  ingenious 
person  whose  opinion  I  have  formally  controverted,  I  can  most 
sincerely  commend  for  every  thing,  except  the  justness  of  the 
principle  of  explanation. 

To  excuse  the  prolixity  that  may  appear  in  the  explanation 
of  the  operations,  and  in  the  proofs  of  their  justness,  I  wish  it  to 
be  considered,  that  it  was  necessary  to  examine  the  notions  on 
which  calculation  ultimately  rests ;  to  explain  the  meaning  of 
imaginary  symbols,  by  tracing  their  derivation ;  to  establish 
by  separate  and  independent  proofs,  rules  for  the  combination 
of  impossible  quantities,  and  not  by  inference  from  then*  simi- 
larity to  rules  for  like  combinations  of  real  quantities ;  and 
carefully  to  distinguish  between  what  is  proved  on  evident 
principles,  and  what  is  only  consequent  from  arbitrary  as- 
sumptions. 

Mathematical  science  has  been  at  times  embarrassed  with 
contradictions  and  paradoxes ;  yet  they  are  not  to  be  imputed 
to  imaginary  symbols,  rather  than  to  any  other  symbols  in- 
vented for  the  purpose  of  rendering  demonstration  compendious 
and  expeditious.    It  may,  however,  be  justly  remarked,  that 

me  unimportant.  A  useful  consequence  from  this  possibility  of  resolution,  is  said  to 
be  the  integration  of  the  form  (^-*  ),  P  and  Q^being  rational  functions  of  x;  now. 

when  is  expressed  by  a  series  of  fractions,  a  form  as  ^'j^m*-  +  &  Pre,ents 
itself  to  be  integrated ;  but  the  actual  value  of  the  integration  cannot  be  assigned, 
without  knowing  what  A,  B  arc;  and  A,  B,  cannot  be  determined,  except  m,  0,  are 
known. 
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mathematicians,  neglecting  to  exercise  mental  superintendance, 
are  too  prone  to  trust  to  mechanical  dexterity;  and  that  some, 
instead  of  establishing  the  truth  of  conclusions  on  antecedent 
reasons,  have  endeavoured  to  prop  it  by  imperfect  analogies  or 
mere  algebraic  forms.  On  the  other  hand,  there  are  mathema- 
ticians, whose  zeal  for  just  reasoning  has  been  alarmed  at  a 
verbal  absurdity ;  and,  from  a  name  improperly  applied,  or  a 
definition  incautiously  given,  have  been  hurried  to  the  precipi- 
tate conclusion,  that  operations  with  symbols  of  which  the 
mind  can  form  no  idea,  must  necessarily  be  doubtful  and  unin- 
telligible. * 

I  have  endeavoured  to  establish  a  logic  for  impossible  quan- 
tities; to  fix  the  meaning  of  certain  ambiguous  expressions ;  and 
to  reconcile  the  contradictions  in  the  doctrine  of  logarithms.  I 
indulge  the  hope  that  what  I  have  said  may  deter  mathema- 
ticians from  attempting  to  found  demonstration  on  so  frail  and 
narrow  a  basis  as  analogy ;  or  from  reposing  in  the  dangerous 
notion,  that  there  are  either  unaccountable  paradoxes,  or  inex- 
plicable mysteries,  in  a  system  of  characters  entirely  of  their 
own  invention. 

•  It  is  to  be  desired,  that  the  charges  of  paradox  and  mystery,  said  to  be  introduced 
into  algebra  by  negative  and  impossible  quantities,  should  be  proposed  distinctly,  in 
a  precise  form,  fit  to  be  apprehended  and  made  the  subject  of  discussion. 
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IV.  On  the  Production  of  artificial  Cold  by  Means  of  Muriate  of 
Lime.  By  Mr.  Richard  Walker.  Communicated  by  Henry 
Cavendish,  Esq.  F.  R.  S. 

Read  January  ss,  1801. 

The  subject  of  the  means  of  producing  artificial  cold,  or  the 
constitution  of  frigorific  mixtures,  I  had  considered  as  exhausted, 
in  the  Papers  I  have  already  had  the  honour  to  lay  before 
this  Society :  so  far  as  relates  to  that  part  of  the  subject  which 
consists  in  generating  artificial  cold  without  the  use  of  ice,  it 
still  remains  so  wfth  me,  having  nothing  new  to  offer. 

A  considerable  acquisition  however  having  been  made,  since 
my  last  Paper  "  On  the  best  Methods  of  producing  artificial 
Cold,"*  by  the  discovery  that  a  neutral  salt,  but  little  known, 
or  attended  to,  by  chemists  before,  produced  extraordinary 
effects  of  this  kind  with  ice,  it  could  not  fail  of  attracting  my 
attention. 

Since  the  time  I  first  became  acquainted  with  this  circum- 
stance, I  have,  as  opportunity  offered,  been  engaged  in  making 
a  variety  of  experiments  with  this  salt,  which  I  flatter  myself, 
if  the  Society  have  not  already  received  a  communication  on 
the  subject,  may  not  prove  unacceptable. 

Before  I  relate  my  own  experiments,  it  may  be  proper  to 
premise  a  short  account  of  those  of  Mr.  Lowitz,  the  author  of 
the  discovery. 

•  Phil.  Trans,  for  1795,  p.  170. 
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The  result  of  Mr.  Lowitz's  experiments  are,  in  bis  Memoir  * 
given  according  to  the  scale  of  Reaumur;  but,  in  this,  are 
throughout  reduced  to  that  of  Fahrenheit. 

Mr.  Lowitz,  Professor  of  chemistry  in  Petersburgh,  having 
found,  by  an  experiment  made  in  the  Winter  of  179s,  that 
caustic  vegetable  alkali,  in  a  solid  state,  produced  a  degree  of 
cold  far  exceeding  any  other  substance  before  mixed  with 
snow,  viz.  83  degrees,  determined  to  prosecute  the  subject; 
and,  upon  reflection,  considering  that  the  deliquescent  salts  were 
likely  to  be  fittest  for  his  purpose,  fixed  chiefly  upon  the  class 
of  muriatic  salts,  or  those  which  have  their  base  neutralized  by 
the  muriatic  acid.  The  result  of  his  experiments  was  the  dis- 
covery, that  crystallized  muriate  of  lime  sunk  the  thermometer 
82  degrees ;  and  that  the  other  neutral  salts  of  this  class,  though 
much  inferior  to  that  salt,  exhibited  nevertheless  remarkable 
powers  of  the  same  kind.+ 

Professor  Lowitz,  in  the  Memoir  alluded  to,  observes  that 
he  has  repeated  my  experiments  with  chemical  salts  and  snow, 
but  could  not  produce  a  degree  of  cold  below  +  *°-  Here  is 
evidently  some  mistake;  for  it  is  sufficiently  known,  that  the 
novelty  of  my  experiments  depends  on  the  production  of  cold, 
without  the  use  of  ice  in  any  form.  J 

Pr.  Lowitz,  having  found  by  experiment  that,  at  the  tem- 
perature of  +  &j°,four  parts  of  muriate  of  lime  to  three  of  snow 
produced  a  temperature  of  —  550,  and  that  an  increase  of  the 

•  See  a  translation  from  Crell's  Chemical  Annals  for  1796,  by  Mons.  Van  Mores, 
Vol.  XXII.  p.  197*  °f  the  A/males  de  Cbimit. 

f  Professor  Lowitz  no  sooner  discovered  the  great  efficacy  of  the  muriate  of  lime 
for  this  purpose,  than  he  gladly  rejected  the  caustic  vegetable  alkali,  on  account  of 
its  burning  quality ;  the  difference  being  one  degree  only. 

I  See  the  table  of  frigorific  matures.  Phil.  Trans,  for  1795,  p.  179. 
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salt,  eyen  in  the  proportion  of  two  to  one,  did  not  diminish  the 
effect,  determined  the  best  and  surest  proportions  to  be,  three 
parts  of  the  muriate  of  lime  to  two  of  snow. 

But,  since  we  shall  find  hereafter  the  temperature  of  +  320 
to  be  a  more  convenient  term  of  comparison,  we  may  fairly  state 
the  fact  thus ;  that  muriate  of  lime  three  parts  and  snow  two 
parts,  mixed  at  the  temperature  of  4-  32°,  will  give  — 500. 

The  snow,  to  produce  the  greatest  effect,  he  says,  should  be 
fresh-fallen,  dry,  and  light  or  uncompressed  ;  and  the  salt  per- 
fectly dry,  and  reduced  to  very  fine  powder. 

Pr.  Lowitz's  method  is,  to  add  at  once  the  salt  to  the  snow ; 
the  latter  being  previously  put  into  a  convenient  vessel.  As  the 
salt  produces  the  greatest  effect  whilst  it  retains  the  greatest 
quantity  of  water  of  crystallization,  he  prepares  it  during  a 
freezing  atmosphere,  pounds  it,  sifts  it,  and  keeps  it  in  close 
bottles,  in  a  cold  place.  With  a  mixture  of  this  kind,  Pr.  Lowitz 
froze,  in  one  experiment,  35  pounds  of  quicksilver. 

Pr.  Lowitz  observes,  that  with  the  above  precautions  and 
management,  it  is  impossible  to  fail  in  the  design  of  freezing 
quicksilver  with  it. 

Pr.  Lowitz  found  likewise,  that  the  muriate  of  lime,  pre- 
pared as  above,  produced  38  degrees  of  cold  by  solution  in 
water ;  that  is,  by  adding  3  parts  of  this  salt,  in  powder,  to  2 
parts  of  water,  each  at  the  temperature  of  -f-  36°^,  the  ther- 
mometer sunk  to  — 1°£ 

Pr.  Lowitz  adds,  that  the  muriate  of  lime  which  has  been 
used  for  making  frigorific  mixtures,  may  be  procured  again 
repeatedly,  as  fit  as  at  first  for  the  same  purpose,  by  evaporation 
and  crystallization  * 

•  The  muriate  of  lime  made  use  of  by  Professor  Lowitz,  in  these  expert- 
merits,  was  obtained  from  the  residue  after  the  distillation  of  caustic  ammonia. 
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Having  given  an  account  of  Pr.  Lowitz's  experiments,  I  shall 
now  relate  briefly  the  result  of  a  series  of  experiments  made  by 
myself,  which  occurred  to  me  in  consequence  of  Pr.  Lowitz's 
discovery. 

My  first  object  was,  to  repeat  the  foregoing  experiment  under 
similar  circumstances ;  but  the  thermometer  (the  temperature 
of  the  air  and  materials  being  +  32°)  sunk,  in  this  instance,  no 
lower  than  —  48*. 

The  liquefaction,  in  the  above  instance,  was  remarkably  sud- 
den ;  and  the  full  effect  was  produced,  as  it  were,  in  an  instant. 

Secondly,  with  a  view  either  of  producing  a  very  extraordi- 
nary degree  of  cold,  or  ascertaining  the  point  at  which  this  salt 
ceases  to  produce  further  cold,  I  mixed  the  same  materials, 
previously  cooled  by  art  to  40°  below  o,  when  the  thermometer 
sunk  to  630  below  o.* 

Thirdly,  some  of  the  same  salt,  hva  crystallized  state,  was 
set  out  to  deliquesce  in  the  open  air :  this  liquor  mixed  with 
snow,  each  at  the  temperature  of  4*  3*°»  gave  a  cold  of  —  so*. 

Hence  it  appears,  that  52  degrees  of  heat  were  absorbed,  or 
rendered  latent,  by  the  liquefaction  of  the  snow,  and  28  by  that 
of  the  salt,  in  die  first  experiment;  that  is,  in  the  whole,  80 
degrees.  v/ 

The  muriate  of  lime  used  in  the  above  experiments  was  pre- 
pared thus.  Muriatic  acid  1  part,  and  distilled  water  3  parts, 
were  thoroughly  mixed ;  this  liquor  was  ftien  perfectly  saturated 
with  whiting,  and,  when  clear,  poured  off.  The  mixture  was 
afterwards  evaporated,  till  it  crystallized  in  air  at  -f  32% 

•  In  this  instance,  as  I  afterwards  found,  the  proportion  of  snow,  owing  in  part  to  a 
considerable  portion  of  the  muriate  of  lime  remaining  frozen  at  the  bottom  of  the 
vessel,  and  not  mixing,  was  much  too  great. 

R2 
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(which  happened  when  the  liquor  had  been  evaporated  to  the 
consistence  of  a  thin  syrup,)  and  then  reduced  to  fine  powder. 

From  the  preceding  account  it  is  apparent,  that  Pr.  Lowitz 
has  discovered  a  single  frigorific  mixture,  by  which  quicksilver 
may  be  frozen  whenever  the  temperature  of  the  materials  at 
mixing  is  no  colder  than  +  32° ;  whereas,  the  nitrous  acid  with 
enow,  which  has  hitherto  been  considered  as  the  most  powerful 
of  frigorific  mixtures,  requires  a  temperature  of  +  70,  to  pro- 
duce the  same  effect. 

At  the  same  time,  however,  it  should  be  observed,  that  an  ex- 
periment with  this  salt,  prepared  as  above,  can  be  made  only 
during  a  freezing  atmosphere ;  the  salt  itself  thus  prepared, 
becoming,  as  may  be  inferred  from  the  above,  and  as  I  have 
myself  experienced,  unfit  for  use  by  a  warmer  temperature. 

Reflecting  upon  my  former  experiments,  I  determined  to  try 
the  effect  of  this  salt,  reduced  to  such  a  strength,  by  evapora- 
tion, as  to  endure  being  kept,  in  a  solid  state,  throughout  the 
year.  For  this  purpose,  I  found  it  necessary  that  the  liquor,  pre- 
pared as  before,  should  be  evaporated  to  the  consistence  of  a 
thickish  syrup,  before  it  is  set  by  to  crystallize ;  when  the  pro- 
duce will  be  a  semi-transparent,  uniform,  crystalline  mass, 
which  affords,  on  pulverizing,  a  white  pearl-coloured  powder, 
which  should  be  preserved  for  use  in  a  bottle  closed  with  a 
ground  stopper. 

Some  of  the  powder  above  mentioned,  (which  had  been  pre- 
viously subjected  to  a  temperature  of  -f  700,  without  melting,) 
I  mixed  with  snow,  each  at  the  temperature  of  +  32°;  when 
the  thermometer,  to  my  perfect  satisfaction,  sunk  to  —  400 ; 
and,  at  another  time,  when  the  air  was  +  ao°,  I  froze  quick- 
silver perfectly  solid,  by  a  mixture  of  the  same  materials. 
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It  appeared  reasonable  to  expect  that  the  power  of  this  salt  for 
producing  cold,  might  be  assisted  by  the  combination  with,  or 
addition  of,  other  salts,  as  has  been  found  to  be  the  case  in  other 
instances,  to  a  considerable  degree ;  and,  conceiving  from  my 
former  experiments,  that  the  muriate  of  soda  and  nitrate  of  am- 
monia promised  the  greatest  success  in  this  way,  these  alone 
producing  with  snow  a  cold  of  —  95°,  I  was  naturally  led  to 
combine  these  with  the  muriate  of  lime;  but  I  obtained  no 
advantage  by  this,  or  by  any  other  means,  worth  noticing.* 

In  the  course  of  last  winter,  and  the  summer  preceding,  I 
repeated  my  former  experiments  with  more  accuracy;  and  like- 
wise made  some  additional  ones,  on  the  power  of  muriate  of 
lime  for  producing  cold  with  ice,  the  result  of  which  I  shall 
here  briefly  state. 

In  order  to  reduce  the  experiments  made  with  the  muriate  of 
lime  to  a  greater  certainty,  I  carefully  obtained  the  respective 
specific  gravities  to  which  this  salt  should  be  reduced  by  eva- 
poration, before  it  be  set  by  to  cool,  in  order  to  become  solid,  in 
either  instance:  thus,  when  the  muriate  of  lime  is  to  be  of  that 
strength  which  is  to  be  prepared  and  used  at  the  temperature 
of  +  32*,  the  specific  gravity  of  the  liquor  should  be,  at  the 
temperature  of  +  8o°,  1,450;  and  when  of  that  strength  to  be 

*  M.  Vak  Moms  tried  the  effect  of  the  caustic  soda  (which  alone  produces  a  cold 
of  —  15°  with  snow)  combined  with  the  muriate  of  lime,  and  found  the  effect  increased 
very  considerably.  By  this  means,  he  says,  ««  In  my  new  experiments  on  the  effects  of 
«  artificial  cold,  I  hare  carried  it  to  —  53*,  old  division" ;  (riz.  87*  of  Fahibnhbit.) 
He  does  not  mention  the  temperature  at  which  the  materials  were  mixed,  to  produce  this 
effect. — M.  Vam  Mows  effects  a  chemical  union  of  these  two  salts  thus  :  he  slakes 
quicklime  with  a  solution  of  muriate  of  soda ;  this  mixture,  when  become  cold,  he 
filters,  and  afterwards  evaporates,  until  when  cold  it  will  become  solid.  Annates  it 
Cbimie.  Tom.  XXIX. 
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kept  and  used  at  the  ordinary  temperature  of  the  air  at  any 
rime,  the  specific  gravity  of  the  liquor  should  be  1,490,  at  8o# 
of  heat* 

The  liquor,  when  sufficiently  evaporated,  should  be  set  by  to 
crystallize  ;  and  the  crystallized  mass,  as  soon  as  cold,  should 
be  reduced  to  very  fine  powder,  in  a  glass  or  stone-mortar. 
The  muriate  of  lime,  in  its  solid  state,  being  a  hard  brittle  sub- 
stance, it  is  necessary  commonly  to  immerse  the  vessel  contain- 
ing it  in  water  sufficiently  warm  to  loosen  the  mass,  in  order  to 
remove  it  out  of  the  vessel,  to  pound  it. 

When  the  muriate  of  lime  is  intended  to  be  preserved  for 
future  use,  the  powder  should  be  put  directly  into  a  bottle, 
and  closely  stopped  from  the  air;  for  this  salt  is  extremely 
deliquescent,  and  hence,  a  dry  state  of  the  atmosphere  should 
be  chosen  for  preparing  it. 

These  experiments  I  shall  divide  into  two  series ;  the  first 
of  which  consists  of  those  made  with  the  muriate  of  lime 
prepared  so  as  to  be  used  in  winter  only,  that  is,  of  the 
strength  of  1,450.  ,  } 

The  second  series  consists  of  those  made  with  the  same 
salt  prepared  so  as  to  be  kept  for  use  at  any  time,  the  strength 
of  which  is  1,490. 

■ 

•  Muriate  of  lime  evaporated  to  the  strength  of  1,400,  gives  (if  cooled  slowly  in 
a  cold  air,  viz.  4-  200)  perfect  crystals  ;  this  is  the  fittest  state  of  the  salt  for  producing 

C     '  '  "         •       -  v.  :  .„„  ...     .  : 
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Series  I. 

Exp.  1st.  Muriate  of  lime      3,   Snow  2,  -  -  at  +  32°  -  -  gave  —  50°* 

2d.   ■  — -      2,    i>---o---   —  66° 

3d.      3,    1,  40°  -  730 

4th.  Diluted  vitriolic  acid  io,t    8,    -   -  —  68°    -    -  —91°$ 

•  This  experiment  being  repeated,  using  ice-powder,  (instead  of  snow,)  gave  —  510; 

 that  is,  ice  ground  to  very  fine  powder  with  the  instrument  described  in  PhiL 

Trans,  for  1795,  page  188. 

f  Concentrated  vitriolic  acid  8  parts,  water  4  parts,  and  rectified  spirit  of  wine  1 
part,  mixed  and  cooled  previously  to  the  temperature  of  the  air. 

t  This  experiment  was  made  on  the  10th  of  March  last,  and  conducted  by  a  series 
of  three  mixtures,  thus.  The  materials  for  the  second  mixture,  consisting  of  muriate 
of  lime  and  snow,  separated  from  each  other  by  an  intervening  stratum  of  fine  sand, 
were  cooled  in  a  large  vessel,  having  a  partition  in  the  middle  forming  it  into  two  com- 
partments, to  near  40°  below  o,  by  means  of  a  prior  mixture  of  the  same  materials. 
The  materials  for  the  second  mixture,. cooled  as  above  mentioned,. were  then  mixed  in 
each  compartment  of  this  double  vessel,  and  let  through  an  aperture  at  the  bottom  of 
each,  (closed  till  then  by  a  temporary  partition,)  into  such  an  apparatus  as  that  repre- 
sented ,in  the  drawing,  which  contained  the  material*  for  the  ibird  or  last  mixture, 
consisting  of  the  diluted  vitriolic  acid  and  snow,  which  had  already  been  separately 
cooled  in  their  respective  vessels,  to  near  400  below  o. 

The  thermometer  represented  in  the  drawing  was  then  placed  in  the  tube  of  the 
upper  vessel ;  and,  when  the  snow  was  cooled  to  the  utmost,  viz.  to  near  70  below  o, 
the  cooled  snow  was  forced  through  into  the  cup  containing  the  acid,  the  vessels  were 
separated,  and  the  snow  and  liquor  thoroughly  mixed  by  means  of  the  thermometer 
contained  in  its  glass  tube  ;  the  thermometer  was  then  withdrawn  from  the  tube,  and 
stirred  about  in  this  last  or  third  mixture,  which,  in  ten  seconds  of  time,  indicated  a 
cold  of  9 1  "J  below  o;  twenty  seconds  more  elapsed  before  the  thermometer  began  to 
rise.  The  mouth  of  the  cup  in  the  vessel  B  was,  in  this  instance,  closed  with  waxed 
paper,  in  order  that  I  might  invert  the  vessel  occasionally,  to  renew  the  mixture  in  it; 
and  the  cup  itself  was  coated  within-side  with  wax,  in  order  to  defend  it  from  the 
action  of  the  acid. 
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Series  II. 

Exp.  ist.  Muriate  of  lime  5,  Ice-powder  4»  a*  +        gave  —41** 
ad.      4,  3,  -  -  +  2o°,  -   -  —  480 

3d.      4,   3»  -  -  +  lo%  54" 

4th.     3>  ■   »,  15%  -   -  —  68° 

In  the  first  experiment,  the  materials  were  mixed  at  the 
temperature  of  the  air. 

In  the  second,  they  were  previously  cooled,  by  a  mixture  of 
muriate  of  ammonia,  nitrate  of  potash,  and  water ;  temperature 
of  the  air  52° ;  the  salts  which  formed  the  preparatory  mixture 
being  recovered  for  use  again,  by  evaporation. 

In  the  third,  they  were  cooled  previously,  by  a  mixture  of 
muriate  of  ammonia,  nitrate  of  potash,  sulphate  of  soda,  and 
water ;  temperature  of  the  air  500.  And, 

In  the  fourth,  by  a  mixture  of  phosphate  of  soda,  nitrate  of 
ammonia,  and  diluted  nitrous  acid ;  temperature  of  the  air  40,*.+ 

Having  concluded  my  experiments  with  the  muriate  of  lime 
and  ice,  I  proceeded  to  try  the  effects  of  this  salt,  prepared  so 
as  to  retain  its  solid  state  during  summer,  viz.  of  the  strength 
1,490,  by  solution  in  water;  and  found  that  a  mixture  of  this 
kind,  produced  twenty -nine  degrees  of  cold ;  for,  by  adding  5 
parts  of  the  muriate  of  lime,  in  fine  powder,  to  4  parts  of 
water,  each  at  the  temperature  of  +  500,  I  obtained  a  cold  of 
+  si*:  this  effect  was  not  improved  by  the  addition  of  other 
salts. 

•  The  same  experiment  made  at  +  3*0,  with  snow,  (instead  of  ground  ice,)  gave 
-40°. 

f  The  composition  and  application  of  these  frigorific  mixtures  are  gi**n  in  Phil. 
Trans,  for  1795. 
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Th&se  experiments  were  made  in  such  an  apparatus  as  I  am 
going  to  describe,  which  may  at  first  appear  new,  but,  upon 

examination,  will  be  found  to  be  only  a  different  modification 
of  the  vessels  represented  in  Fig.  3  and  4,  Tab.  XXIII.  of  Phil. 
Trans,  for  1795;  and  appears  to  me  to  have  all  the  advantages 
that  can  be  obtained  in  an  experiment  of  this  nature. 

Plate  VIII.  Fig.  1,  represents  the  section  of  an  apparatus,  con- 
sisting of  two  vessels ;  viz.  A  A,  is  a  vessel  4  inches  in  diameter, 
and  4  inches  high,  (omitting  its  stand,  by  which  it  rests  over  «• 
another  vessel,  presently  to  be  described,)  having  a  tube  (of  one 
piece  with  it)  a,  £  and  £  in  diameter,  and  4  inches  deep.  This 
tube  has  a  horizontal  rim  or  shoulder,  at  \  of  an  inch  from  the 
top*  and  is  open  at  both  ends;  the  lower  one  being  closed 
occasionally,  in  the  manner  hereafter  to  be  described;  and 
the  top  of  the  tube,  when  the  apparatus  is  of  glass,  by  a 
stopple  ;  or,  if  constructed  of  tin,  by  a  sliding  cover,  fixed  on 
the  lid  C. 

C,  is  the  cover  or  lid  of  this  vessel,  fitting  over  it  quite  close, 
and  having  a  collar  to  fit  over  the  tube,  likewise,  down  to 
its  shoulder. 

B,  represents  a  second  vessel,  upon  which  the  former  fits 
closely,  but  not  tight.  This  vessel  is  3  inches  and  f  in  height, 
having  a  conical  cup  (of  one  piece  with  it)  6,  1  inch  and  j 
diameter  at  the  top,  and  1  inch  in  diameter  at  the  bottom, 
and  three  inches  in  depth  :  this  cup  is  inclosed,  at  the  distance 

•  This  vessel,  when  used,  is  to  be  filled  up  to  this  rim  or  shoulder  only  ;  that  serving 
as  a  guard  to  prevent  the  frigorific  mixture  from  getting  into  the  tube :  hence,  the 
capacity  of  the  vessel  ending  here,  its  height,  and  that  of  the  tube,  may  be  considered 
tf  3  inches  and 
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of  -J-  of  an  inch,  by  a  thin  partition  c  c,*  of  one  piece  likewise 
with  the  vessel. 

D,  is  the  cover  or  lid  of  this  vessel,  fitting  over  it  water- 
tight^ forming  a  bottom  to  the  vessel,  and  having  a  rim  f  of 
an  inch  deep,  as  a  stand  to  insulate  it  from  the  table  ;  the 
whole  apparatus  appearing  to  form,  when  together,  one  cylin- 
drical vessel,  8  inches  high,  and  4  inches  wide. X  The  vessels 
A  and  B  contain  each  1  pint  and  ^ ;  and  the  tube  ay  and 
cup  by  1  ounce  and  \  each. 

N.  13.  The  drawing,  with  the  scale  annexed,  gives  the  sec- 
tion of  this  apparatus,  of  exactly  the  dimensions  mentioned. 
The  instrument  described  in  Phil.  Trans,  for  1795,  page  288,  to 


1  .■-  i« 


.  f   ;    •    '1     'i  •■  -  .,>[...  . 

- 

•  Having  ascertained  by  experiment,  that  a  stratum  of  air  of  tins  thickness  did  not 
prevent  (during  the  length  of  time  which  is  required  to  freeze  the  water,  and  reduce 
the  ice  to  powder  in  the  tube  a)  the  matcrialsin  the  cup  b  from  receiving  the  tempe- 
rature required,  yet  was  nevertheless  sufficient  to  impede  the  action  of  the  mixture 
on  the  materials,  when  mixed  in  the  cup  b,  during  the  short  time  required  to  take 
its  temperature,  or  to  freeze  the  quicksilver,  I  adopted  this  method,  in  preference  to 
letting  out  the  frigorific  mixture  from  the  vessel  B,  immediately  before  mixing  the 
last  materials,  as  formerly. 

f  If  this  cover  docs  not  fit  water-tight,  it  may  be  made  so,  by  the  intervention  of 
a  thin  bladder  previously  soaked  in  warm  water. 

I  For  the  purpose  of  ascertaining  the  proper  proportion  of  the  materials  to  be 
mixed  at  different  temperatures,  and  other  preparatory  matters,  T  used  an  appjratus  of 
the  same  construction  as  Fig.  3,  Tab.  XXI11.  Phil.  Trans,  for  1795.  but  differing  in 
having  two  tubes  instead  of  one.  The  dimensions  of  this  apparatus,  being  adapted 
to  the  same  scale  as  the  former,  are  thus:  the  vessel  is  5-t  inches  high,  and  4  J 
inches  in  diameter  ;  the  tubes  are  each  J  of  an  inch  in  diameter,  and  5  inches  deep. 
The  materials,  being  prepared  separately  in  this  vessel,  were  afterwards  mixed  in  a 


By  means  of  this  apparatus,  in  one  instance,  muriate  of  lime  put  into  one  tube, 
in  a  liquid  state,  and  water  in  the  other,  were  both  consolidated  by  cold,  then  ground 
to  powder,  and  afterwards  mixed  ;  but  the  salt  did  not  grind  well,  and  it  moreover 
eroded  and  rusted  the  instrument. 
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be  used  with  this  apparatus,  should  be  so  long  as  just  to  pass 
through  the  bottom  of  the  tube  a,  viz.  |  of  an  inch  below  it. 

Fig.  2,  represents  the  spirit  thermometer  made  use  of  in  the 
experiments  :  it  consists  of  three  parts,  viz.  A  is  the  thermo- 
meter, having  its  scale-board  (made  of  box- wood)  of  a  sorii- 
cylindrical  form,  being  flat  in  front,  and  round  at  the  back,  in 
order  that  it  may  be  adapted  to  the  cylindrical  tube  B  B,  in 
which  it  slides  easily  up  and  down,  centrally;  and  may  be 
occasionally  taken  out  of  it.  C,  is  a  brass  ferrule,  cemented  to, 
and  forming  one  piece  with,  the  tube,  having  a  top  or  cover, 
which  screws  off  and  on.  The  scale  extends  from  100  be- 
low o,  to  100  above  o;  the  scale  upwards  being  carried  so  far 
only  as  to  allow  of  the  unavoidable  expansion  to  which  the 
spirit  may  be  subjected  by  atmospheric  heat. 

The  thermometer  (contrived  by  myself,  and  very  accurately 
and  neatly  executed  by  Mr.  Nairne,  philosophical  instrument- 
maker,  in  London,)  is  exactly  twice  the  dimensions  of  the  re- 
presentation in  the  drawing,  (as  the  scale,)  and  is  graduated  to 
single  degrees  :  it  has  a  common  case,  to  make  it  portable. 

N.  B.  A  thermometer  of  the  size  described,  is  equally  fit  for 
an  apparatus  on  a  larger  or  smaller  scale  than  that  repre- 
sented in  Fig.  1. 

The  apparatus  is  used  thus.   The  two  vessels  being  taken 
apart,  1st.  A  circular  piece  of  writi  ng-paper  is  cemented*  over 
the  bottom  of  the  tube  a.    2d.  A  frigorific  mixture-)'  is  made 
•    '  ••.<• .  us.  ,  ... 

•  I  use  mucilage  of  gum  arable,  or  butter,  if  the  other  be  not  at  hand  ;  but  it  is 
sufficient  merely  to  .lip  the  paper  in  water,  and  apply  it  ;  the  effect  of  the  freezing 
fixture  quickly  crmeirting  it. 

f  A  frigorific  mixture,  according  to  the  intention,  may  be  selected  from  the  table  in 
page  135  of  this  paper ;  or,  in  defect  of  ice,  from  the  table  in  page  279  of  Phil.  Trans. 
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in  the  vessel  B,  and  the  vessel  covered  by  its  lid  D,  then  set 
upright,  and  four  drams  of  muriate  of  lime  put  into  the  cup  b. 
3d.  A  similar  frigorific  mixture  is  made  in  the  vessel  A  A, 
which  is  closed  with  its  lid  C.  4th.  This  vessel  being  placed 
over  the  other,  as  represented,  three  drams  of  water  are  to  be 
poured  gently,  through  a  funnel,  into  the  tube  a,  and  the  aperture 
closed.  5th.  When  the  water  is  become  perfectly  solid  ice,* 
the  grinding  instrument  is  to  be  put  in,  and,  after  suffering  it  to 
remain  a  short  time  to  be  cooled,  the  ice  is  to  be  ground  gently 
to  fine  powder,  (an  assistant  holding  the  apparatus  firm,)  and  the 
instrument  continued  quite  through  the  aperture  at  the  bottom 
of  the  tube.    6th.  The  whole  of  the  ice-powder  is  then  to  be 

for  1795.  The  mixture  I  use  for  this  purpose,  is  that  consisting  of  the  solution  of  three 
different  salts  in  water;  and,  in  order  to  ascertain  what  proportions  may  be  necessary  to 
fill  any  sized  vessel,  I  shall  give  the  proportional  quantities  for  a  vessel  containing  in 
measure  a  mint  pint,  which  are  as  follows:  of  muriate  of  ammonia  3  ounces,  nitrate 
of  potash  3  ounces,  sulphate  of  soda  4  ounces  and  \,  andwater  10  ounces :  having  pro- 
cured the  salts  separately  in  fine  powder,  I  put  these  first  into  the  vessel,  and  then  fill 
up  (without  measuring)  the  vessel  with  water. 

A  mixture  of  this  kind,  made  in  the  summer,  when  the  temperature  of  the  air  is 
-f.  709,  will  cool  the  materials  to  +  zo° ;  and,  if  the  salts  and  water  are  cooled  to  near 
+  5°*'  previously  to  mixing,  by  immersion  in  cold  water,  to  +  io°.  My  usual  method 
is,  (without  taking  the  usual  precaution  of  cooling  the  salts,)  to  add  the  water  much 
reduced  in  temperature,  by  pumping  off  a  bucket  or  more  first,  by  which  the  materials, 
consisting  of  muriate  of  lime  and  ice,  are  cooled  to  +  150  before  mixing. 

In  winter,  the  experiment  may  be  conducted  by  adding  snow,  at  the  temperature  of 
the  air,  to  muriate  of  lime,  (cooled  to  a  lower  temperature,)  in  the  vessel  B.  In  summer, 
by  adding  ice-powder,  cooled  to  alow  temperature,  in  the  vessel  A,  to  muriate  of  lime 
cooled  to  +  50",  by  water,  (instead  of  a  frigorific  mixture,)  in  the  vessel  B. 

The  temperature  of  the  springs,  or  of  well-water,  it  is  well  known,  is  in  this  climate 
nearly  +  50*  throughout  the  year. 

•  At  this  period,  I  shake  the  apparatus,  in  order  to  expedite  the  solution  of  the 
salts,  and  to  diffuse  the  effects  of  the  freezing  mixtures ;  or,  if  necessary,  renew 
them. 
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forced  into  the  cup  of  the  lower  vessel,  and  stirred  about  in  it  a 
little.  7th.  The  upper  vessel  being  removed,  and  set  aside,  the 
muriate  of  lime  and  ice  are  to  be  thoroughly  mixed,  and  a 

small  tube,  containing  the  quicksilver  to  be  frozen,  stirred  about 
in  the  mixture ;  or  the  bulb  of  a  spirit-thermometer,  to  take 
its  temperature,  which,  if  the  experiment  be  conducted  pro- 
perly, will  indicate,  even  if  the  experiment  be  made  in  summer, 
a  cold  of  — -500.* 

The  apparatus,  as  represented  in  the  drawing,  is  upon  as  fit 
a  scale  as  may  be  required  for  common  experiments;  by 
attention,  however,  to  the  proportions  given,  one  of  any  size 
may  be  procured. 

Muriate  of  lime  produces  no  effect  upon  tin  or  japanned 
vessels ;  hence  the  apparatus  is  best  made  of  common  block-tin  ; 
observing  that  the  tube  and  cup  be  made  of  the  thinnest  tinned 
iron,  and  the  whole  besides  of  the  same  substance,  but  con- 
siderably thicker.^- 

•  Murhre  of  lime  and  ice-powder,  mixed  at  the  temperature  of  +  give  a  cold 
of  —  48*;  if  mixed  at  -f  15,  of  -—51°;  and,  at  +  io»,  a  cold  of  —  540. 

The  freezing  point  of  quicksilver  is  —  39°  ;  but  that  metal  requires  a  temperature 
of  —  45°,  to  assume  its  perfectly  solid  state. 

I  have  repeatedly  frozen  quicksilver  in  the  middle  of  summer,  by  mixing  together 
muriate  of  lime  and  ice-powder,  at  -f  io° ;  and  likewise,  by  mixing  together  nitrous 
acid  and  ice-powder,  at  -f 

■f  The  best  method  of  constructing  vessels  for  the  purpose  of  excluding  hear,  is 
obviously  to  hare  them  made  of  the  best  non-conducting  substance,  lined  within  with 
the  best  conducting  substance  ;  hence  lhe<sc  vessels  (the  tubes  excepted)  might  be 
fitter  for  the  purpose,  if  made  of  wood  lined  with  tin. 

My  general  rule  for  constructing  the  apparatus,  is  to  allow  jour  times,  by  measure, 
the  water  to  be  frozen  and  reduced  to  powder,  in  the  capacity  of  the  tube  that  is  to 
contain  it  ;  and  tbrte  times  the  weight  (by  measure)  of  the  muriate  of  lime,  to  the 
cup  in  which  the  muriate  of  lime  is  to  be  cooled,  and  the  ice- powder  afterwards  added 
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The  tube  and  cup  should  be  very  smooth  within -side,  and 
perfectly  central;  the  tube  having  as  little  seam  as  possible, 
that  the  grinding  instrument  be  not  obstructed. 

The  grinding  instrument  acts  best  when  the  edge,  instead  of 
being  quite  horizontal,  is  a  little  inclined  from  each  shoulder, 
towards  the  centre. 

In  order  to  keep  this  Paper  within  tolerable  limits,  I  have 
carefully  avoided  a  repetition  of  all  matters  mentioned  in  my 
former  Papers  on  this  subject ;  I  must  therefore  refer  to  those, 
especially  that  "  On  the  best  Methods  of  producing  artificial 
Cold/'*  for  the  particular  mode  of  conducting  experiments  on 
cold ;  this  being  essentially  the  same  in  principle,  whatever  be 
the  materials  made  use  of  to  effect  it.  Hence,  the  apparatus  just 
described  is  applicable  to  the  use  of  the  mineral  acids ,*\  as  well  as 
to  that  of  muriate  of  lime ;  recollecting  that  it  is  necessary  to 
substitute  glass  for  tin,  when  the  former  are  used  ;  or  to  give 
the  inside  of  the  cup,  or  vessel  containing  it,  a  coating  of  wax, 
to  defend  the  tin  from  their  action. 

Having  given  an  account  of  Pr.  Lowitz's  experiments  on 
the  power  of  muriate  of  lime  for  producing  artificial  cold,  and 
added  such  observations  of  my  own  as  resulted  from  them,  I 

to  it:  and,  when  nitrous  acid  is  used,  (instead  of  muriate  of  lime.)  four  times  its 
weight ;  and  about  four  times  the  diameter  of  the  vessels  to  that  of  the  tube. 

The  preparatory  mixtures,  that  is,  such  as  are  used  for  cooling  the  materials 
previously  to  mixing,  are  best  made  of  tee  and  salts ;  these  retaining  their  tem- 
perature longer  than  those  consisting  of  solutions  of  salts  in  water  or  acid ;  but, 
in  either  case,  if  necessary,  they  may  be  occasionally  renewed,  after  the  water  is 
become  solid. 

•  Phil.  Trans,  for  1795.  p.  270. 

t  Nitrous  acid,  and  vitriolic  acid,  may  at  any  time  be  immediately  procured  from  a 
chemist's  shop ;  whereas  the  muriate  of  lime,  not  being  used  for  any  other  purpose, 
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shall  conclude  by  exhibiting  a  general  view  of  the  different 
frigorific  mixtures  composed  of  chemical  substances  with  ice, 
as  I  have  before  done,  (Phil.  Trans,  for  1795,  page  279,)  of 
those  in  which  the  use  of  ice  is  dispensed  with. 

Class  I. 

Temp,  of  mat.  T«ap.  or 
cold 


Acids  and  salts.  lee. 

.  mixing  produced 

Muriate  of  soda    i,  -----    --   -----    -  Snow  a,  -    -  —  5? 

  — — —    a,  Muriate  of  ammonia  1,    -    -    -    -    -  — —  5,  -    -  — 120 

—                     10,                               5,  Nitrate  of  potash  5, ——  24,       .  —  i8» 

5,  Nitrate  of  ammonia  5,    -   -   -   -    -    12,  -    -  —  250 


Class  IT. 

Diluted  vitriolic  acid  2,#    -  -    -    -    -    .        -   -   -  Snow 

Concentrated  muriatic  acid  5,  -------  — — 

Concentrated  nitrous  acid  4,1  -     -  ------   

Muriate  of  lime  5,])    -    -  -                                 -  — — 

   3-11    -  "   

Caustic  vegetable  alkali  4,    -  -  ------   


must  commonly  be  prepared  for  this  alone  ;  hence  it  may  not  unfrequently  happen 
that  the  former,  on  this  account,  may  be  preferred. 

•  Concentrated  vitriolic  acid,  diluted  with  half  its  weight" of  snow,  or  distilled  water, 
and  cooled. 

f  Snow  that  is  fresh,  dry,  and  uncompressed,  or  such  as  has  never  been  subject 
to  the  effects  of  a  temperature  less  than  freezing ;  or,  when  such  is  not.  to  be  procured, 
ice  reduced  to  powder,  in  the  manner  described  in  Phil.  Trans,  for  1795,  p.  271, 
may  be  substituted  in  its  stead,  with  equal  effect. 

X  Concentrated  fuming  nitrous  acid  alone ;  or  concentrated  pale  nitrous  acid,  diluted 
with  one-fifth  its  weight  of  snow,  or  distilled  water,  and  cooled. 

||  Of  the  strength  of  1,490,  at  8o°  of  heat. 

f  Of  the  strength  of  1,450,  at  8c*»of  heat. 


3» 

+320 

_2Jo 

8. 

+  32° 

-27° 

*• 

/ » 

+  3*° 

_3oa 

4» 

+  320 

—40* 

2. 

+  3*° 

-50° 

3» 

+  3*° 

Digitized  by  Google 


ig6  Mr.  Walker's  Experiments  on 

The  above  table  is  divided  into  two  classes.  The  first  class 
consists  of  mixtures  of  salts  and  ice,  in  which  the  temperature 
of  mixing  is  of  no  consequence,  the  effect  produced  being  the 
same  at  any  temperature  of  the  air :  the  salts  should  be  in  the 
state  of  powder.  Ice  pounded  small  may  be  substituted,  with 
equal  effect,  for  snow. 

The  second  class  consists  of  such  mixtures  as  will  produce 
an  effect  greater,  the  colder  the  temperature  is  at  which  the  ma- 
terials are  mixed,  but  in  a  diminishing  ratio ;  ceasing  entirely  at 
that  degree  of  cold  at  which  the  composition  itself  freezes.* 
The  salts  should  be  in  the  state  of  fine  powder. 

N.  B.  The  figures  after  the  salts,  or  acids,  and  ice,  express  the 
proportions,  by  weight,  to  be  used. 

In  the  above  table,  the  ordinary  effect  of  snow,  or  ice- 
powder,  is  given ;  but,  if  the  latter  be  prepared  (ground)  with 
a  sharp  instrument,  using  light  pressure,  the  effect  will  be 
somewhat  greater,  the  ice  being  then  reduced  to  an  impal- 
pable powder :  hence,  ice  powder,  thus  obtained  from  a  block  of 
ice,  may  at  any  time  be  substituted  for  snow. 

Cold  is  produced  by  mixing  various  other  chemical  sub- 
stances with  ice :  in  the  above  table,  such  only  are  retained  as 
produce  that  effect  in  a  remarkable  degree. 

As  the  new  nomenclature  is  now  generally  adopted,  I  have 
used  it  in  this  paper. 

*  The  materials  may  be  cooled,  previously  to  mixing,  when  required,  by  a  frigo« 
rific  mixture  taken  from  the  table :  for  this  purpose,  either  of  the  mixtures  in  Class  I. 
are  convenient ;  particularly  the  first,  consisting  of  muriate  of  soda  and  snow. 
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POSTSCRIPT. 

In  the  course  of  my  former  papers  on  the  subject  of  cold* 
I  have  had  occasion  to  make,  incidentally,  some  remarks  on 
the  power  of  water,  under  certain  circumstances,  in  resisting  an 
extraordinary  degree  of  cold  without  freezing;  likewise  on 
the  particular  kind  of  agitation  which  induces  water,  cooled 
below  its  freezing  point,  to  crystallize  or  become  ice.*  As 
these  are  subjects  which  have  likewise  engaged  the  attention 
of  others,  I  shall  take  the  liberty  of  barely  mentioning  a  fact, 
having  relation  to  those  points,  which  has  lately  occurred  to  me. 

It  is  a  remarkable  circumstance  respecting  artificial  freez- 
ing, that  the  ice  thus  procured  in  the  usual  way,  (viz.  by  im- 
mersing the  water  to  be  frozen,  in  a  convenient  vessel,  in 
a  frigorific  mixture,)  will  always  be  more  or  less  opake,  never 
transparent:  this  I  had  constantly  remarked,  without  much 
attending  to  it ;  however,  having  in  the  course  of  last  summer 
been  induced  to  try  the  effect  of  an  ice-speculum  for  pro- 
ducing heat,  it  became  necessary  that  the  ice,  which  in  this 
instance  was  substituted  for  glass,  should  be  perfectly  trans- 
parent. After  varying  the  process  in  every  possible  way  I  could 
think  of,  by  immersing  the  water  to  be  frozen,  without  effect,  I 
at  last  succeeded  completely,  by  forming  a  coating  of  ice,  of 
sufficient  thickness,  on  the  outside  of  a  vessel  containing  the 
frigorific  mixture ;  the  bottom  of  this  vessel,  which  was  made 
concave  for  this  particular  purpose,  being  immersed  for  a  suffi- 
cient length  of  time  in  a  shallow  pan  of  water. 

> 

•  Phil.  Trans,  for  1788.  page  401. 
MDCCCI.  T 
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Hence  arises  the  means,  before  unknown  to  me,  of  obtaining 
ice,  either  in  an  opake,  or  perfectly  transparent  state ;  more- 
over, water,  as  I  have  experienced  lately,  constantly  forms  a 
coating  of  ice  on  the  outside  of  a  vessel  containing  a  frigorific 
mixture,  so  soon  as  it  is  cooled  to  +  320. 
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V.  Account  of  a  monstrous  Lamb.  In  a  Letter from  Mr.  Anthony 
Carlisle,  to  the  Right  Honourable  Sir  Joseph  Banks,  Bart. 
K.  3»  P*  R.  S  . 

Read  January  s$,  1801. 

Dear  Sir, 

I  am  much  indebted  to  you  for  the  privilege  of  inspecting 
the  monstrous  lamb  sent  by  Dr.  Pulteney  of  Blandford,  whose 
laudable  interest  for  the  promotion  of  science,  induced  him  to 
present  it  to  you.  The  animal  is  a  male,  and  apparently  at 
the  full  period  of  gestation  :  its  whole  frame,  excepting  the 
head,  is  of  the  natural  structure;  the  deviation  in  structure 
of  this  part,  resembles  none  of  the  series  of  monsters  which 
are  usually  met  with  among  complicated  animals.  I  have 
preserved  the  entire  skin,  in  hopes  of  retaining  the  outward 
peculiarities  of  this  creature.  According  to  your  suggestion, 
I  took  the  opportunity,  while  the  subject  was  in  perfect  pre- 
servation,  to  examine  the  brain  and  its  connections :  they  seem 
to  me  very  remarkable,  and  might  have  afforded  matter,  to  an 
acute  observer,  of  high  interest  in  the  science  of  physiology, 
had  this  monster  been  yeaned  alive.  Perhaps  it  may  not  be 
altogether  unuseful,  to  record  those  internal  deviations  from  the 
ordinary  structure  which  this  dissection  presented ;  and  the 
suggestions  arising  may  possibly  excite  the  attention  of  some 
future  observer,  who  may  be  more  happily  circumstanced. 

•  The  head  is  disproportionably  small ;  there  being  no  other 
resemblance  to  the  natural  form  than  in  the  external  ears, 

Ta 
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which  are  brought  together  by  their  insertions  in  the  front 
part  of  the  head  :  the  apertures  called  by  anatomists  meatus 
externi,  are  wanting.    Immediately  between  the  insertion  of 
the  ears,  an  opening  presents  itself,  lined  with  cuticle,  and 
capable  of  receiving  a  bougie,  the  size  of  the  human  male 
urethra :  this  proved  to  be  the  common  passage  to  both  the 
oesophagus  and  the  trachea.    The  outer  surface  of  the  head  is 
regularly  clothed  with  wool ;  and  there  are  no  appearances  of 
abrasion,  or  mechanical  injury,,  having  taken  place  at  an  early 
period  of  its  formation ;  such  as  are  observable  in  monsters, 
and  perhaps  sometimes  produced  by  the  rubbing  of  the  umbi- 
lical cord,  or  by  the  contiguity  of  the  uterine  contents,  whilst 
the  young  animal  is  yet  in  a  soft  state.  See  Plate  IX.  Fig  i ,  and 
the  references. 

The  whole  of  the  organs  which  are  naturally  f  ound  in  the 
face,  are,  in  the  present  instance,  defective  :  no  vestiges  of  the 
eyes,  the  nose,  or  any  of  the  apparatus  belonging  to  the  mouth, 
are  to  be  seen.  The  cranium  is  perfectly  formed  into  hard 
bone,  and  bears  a  near  resemblance  to  the  head  of  a  tortoise  ; 
it  is  about  the  size  of  a  plover's  egg.  The  os  hyoides,  and  its 
processes,  are  in  the  natural  state  :  there  is  no  other  part  of 
the  tongue.  The  cartilages  of  the  larynx,  together  with  their 
muscles  and  vessels,  are  in  their  places,  saving  the  epiglottis, 
which  is  joined  in  with  the  common  aperture,  making  a  cartilagi- 
nous ring.  The  bones,  muscles,  blood-vessels,  and  nerves  of  the 
neck,  are  natural.  Under  the  skin  which  lies  between  the  cartila- 
ginous insertions  of  the  outward  ears,  there  is  a  small  depression 
in  the  skull,  in  which  are  lodged  three  regularly  formed  bones, 
of  a  tooth-like  structure,  immersed  in  a  gelatinous  substance, 
like  that  which  is  found  in  the  bony  part  of  very  young  growing 
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teeth  :  from  the  shape  and  size  of  these  bones,  added  to  their 
situation  and  the  want  of  enamel,  I  take  them  to  be  portions 
of  the  ossicula  auditus,  run  together,  and  united  into  masses. 
See  Fig.  3.  The  internal  surface  of  the  cranium,  is  neatly 
lined  with  the  dura  mater :  it  is  deficient  in  all  the  processes 
which  divide  the  different  portions  of  the  brain.  The  anterior 
limits  of  this  cavity  terminate  at  the  hinder  part  of  the  sulci ; 
where  the  middle  lobes  cerebri  ought  to  be  lodged.  The  in- 
ternal carotid  arteries,  and  the  pituitary  gland,  are  missing. 
The  two  vertebral  arteries  enter  the  skull  as  usual,  and  form  the 
basilary  artery ;  which  soon  divides  itself  again,  for  the  supply 
of  the  pia  mater  ahd  brain  of  this  monster.  The  pia  mater 
envelopes  the  brain,  as  is  usual,  and  is  unconnected  with  the  dura 
mater ;  these  membranes  being  each  of  them  smooth,  loose, 
and  natural.  I  was  surprised  to  find  the  whole  cerebrum, 
and  all  its  nerves,  deficient :  the  cerebellum  disposed  quite 
orderly,  and  the  following  pairs  of  nerves  nearly  in  their  na- 
tural situations.  First,  a  large  pair,  at  the  anterior  inferior  part, 
which  is  analogous  to  the  crura  cerebri :  these  seem  to  stand 
in  the  place  of  the  sixth  pair,  only  tliat  their  whole  substance 
terminates  in  the  upper  cervical  ganglion  of  the  intercostal 
chain  of  nerves.  Secondly,  a  large  double  pair,  analogous  to 
the  seventh,  coming  out  at  the  tuberculum* annulare,  and  pe- 
netrating the  meatus  auditorius  internus  :  the  portio  dura  of  tins 
double  pair  appears  on  the  side  of  the  neck,  after  its  exit  from 
the  cranium  ;  the  portio  mollis  remains  in  the  labyrinth  of  the 
organ  of  hearing.  From  the  sides  of  the  medulla  oblongata, 
immediately  at  its  origin,  a  number  of  separate  fibrils  come  out, 
which  are  joined  into  one  common  chord,  becoming  the  par 
vagum,  and  being  finally  dispersed  in  the  ordinary  manner.  The 
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accessorius  to  the  par  vagum,  comes  up  from  the  medulla  spi- 
nalis, and  takes  its  departure  with  its  usual  companion.  Not  a 
vestige  of  any  other  nerve  appears  in  the  cranium ;  the  ca- 
vity being  perfectly  filled,  and  all  the  parts  free  from  diseased 
appearance.  See  Fig.  4.  The  vena  magna  Galeni,  or  a  vein 
analogous  to  it,  passes  down  the  hinder  part  of  the  cerebellum, 
into  the  lateral  sinuses,  which  are  the  only  receptacles  for  the 
returning  blood;  and  all  the  veins  of  the  pia  mater  open  di- 
rectly into  these  sinuses.  Upon  cutting  through  the  centre  of 
the  brain,  longitudinally,  the  intermixture  of  the  cortical  and 
medullary  substances  form  the  appearance  called  Arbor  vita?, 
in  a  perfectly  natural  state  ;  the  texture  of  those  two  substances 
being  firm  and  natural.  The  fourth  and  only  ventricle  is  unu- 
sually large ;  and  the  portio  mollis  of  the  seventh  pair  of  nerves 
arises  from  its  inside,  as  is  usual.  The  anterior  rounded  ends 
of  the  crura  cerebri,  present  a  mass  of  healthy  medullary  sub- 
stance. The  outer  surface  of  the  cerebellum  is  divided  into 
the  parallel  layers  or  folds,  and  those  vermiform  processes, 
which  distinguish  its  general  character. 

The  narration  of  these  appearances  assists  and  confirms 
other  facts,  in  demonstrating,  that  the  formation  and  growth 
of  animals  in  the  uterus,  arc  independent  of  any  influence 
from  those  parts  of  Itheir  brain  which  properly  belong  to  sensa- 
tion. We  have  to  regret,  that  this  animal  did  not  live  to 
shew  the  phenomena  of  volitions  directed  to  its  limbs,  and  other 
apparatus,  without  that  intelligence  from  the  organs  of  the 
senses  which  regulates  and  directs  the  efforts  of  perfect  animals. 
The  careful  observance  of  such  circumstances  may,  in  future, 
bring  us  to  discoveries  of  the  highest  value,  in  that  part  of  phy- 
siology which  is  now  enveloped  in  deep  mystery  :  the  facts  at 
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present  collated  are  not  sufficient.  The  intellectual  pheno- 
mena of  persons  who  sustain  known  injuries  of  particular 
parts  of  the  brain ;  the  appearances  on  the  dissection  of  ideots, 
with  their  mental  particularities ;  the  anatomical  history  of 
maniacs,  all  promise,  when  properly  cultivated,  a  series  of 
truths,  which  it  may  not  be  extravagant  to  hope,  will  open 
sublime  views  into  those  recesses  of  our  construction  which 
justly  rank  among  the  most  curious,  if  not  the  most  im- 
portant objects  of  research.  Returning  you  many  thanks  for 
the  favour  you  have  done  me,  by  committing  this  inquiry 
to  my  hands, 

I  am,  &c. 

ANTHONY  CARLISLE. 

March  18,  1800. 
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References  to  the  Figures.   See  Plate  IX.  j 

Fig.  1 .  A  front  view  of  the  head,  and  part  of  the  neck,  of 
this  monster. 
a,  a,  The  external  ears. 

6,  The  common  aperture  of  the  larynx  and  oesophagus. 
Fig.  2.  The  naked  skull,  and  part  of  the  neck  dissected. 
a,  The  second  vertebra  of  the  neck. 
by  The  oesophagus. 
c,  The  trachea. 

dy  The  common  opening  of  the  oesophagus  and  larynx. 

et  The  situation  of  the  small  bones,  supposed  to  be  the 
rudiments  of  the  osslcula  auditus. 

/,  The  horn  of  the  os  hyoides. 

gy  The  body  of  the  os  hyoides. 

by  The  anterior  part  of  the  skull. 
Fig.  3.  The  three  pieces  of  bone,  shewn  in  Fig.  2,  letter  e . 
Fig.  4.  The  side  view  of  the  brain,  and  its  nerves. 

a,  The  beginning  of  the  medulla  spinalis. 

b,  The  par  vagum,  with  the  accessorius  nerve. 

C  The  portio  mollis  and  dura  of  the  auditory  nerve. 
dy  The  supposed  sixth  pair. 
e ,  Part  of  the  basilary  artery. 
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VI.  An  anatomical  Description  of  a  male  Rhinoceros.  By  Mr. 
H.  Leigh  Thomas,  Surgeon.  Communicated  by  George  For- 
dyce>  M.  D.  F.  R.  S. 

Read  January  29,  1801. 

o  ur  knowledge  of  this  animal  has  hitherto  been  extremely 
limited,  both  with  regard  to  its  natural  history,  and  also  its 
internal  structure.  A  paper  by  James  Parsons,  M.  D.  giving 
-  a  very  accurate  description  of  a  young  rhinoceros,  was  read 
before  the  Royal  Society,  in  June,  1743;  but,  as  the  Doctor 
doeS  not  attempt  to  describe  more  of  it  than  the  external  figure 
and  coverings,  (which  are  delineated,)  we  may  presume  that 
he  never  had  any  opportunity  of  examining  the  internal 
parts :  his  account,  however,  as  far  as  it  goes,  is  in  every 
respect  correct ;  I  shall  not,  therefore,  take  up  the  time  of  this 
learned  Society  by  a  useless  recapitulation,  but  proceed  to 
describe  such  appearances  as  have  not  yet  been  noticed. 

The  subject  of  the  following  observations  was  brought  from 
the  East  Indies  to  England,  where  it  was  intended  he  should 
remain,  until  a  favourable  opportunity  should  offer  of  send- 
ing him  to  Vienna.  During  the  passage  from  India,  he  ap- 
peared to  enjoy  a  good  state  of  health,  which  continued 
uninterrupted,  until  a  few  days  before  his  death  ;  at  which 
time,  he  was  attacked  with  difficulty  of  breathing,  and  died 
before  he  had  attained  his  third  year.  In  the  course  of  this 
time,  he  had  become  perfectly  docile  and  tame  ;  but  never,  by 
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actions  or  otherwise,  expressed  the  smallest  regard  or  affection 
for  his  keeper,  or  for  any  of  the  people  who  occasionally  fed 
him  ;  neither  was  he  easily  irritated,  but  preserved,  on  all  occa- 
sions, the  most  perfect  indifference  and  stupidity.  He  was  fed 
chiefly  upon  hay  and  oats,  also  potatoes,  and  other  fresh  vege- 
tables ;  his  consumption  of  which  was  prodigious,  exceeding  that 
of  two  or  three  working  horses.  It  would  appear,  that  this 
animal  had  not  arrived  to  near  its  full  growth  :  he  was  scarcely 
so  high  as  a  two  year  old  heifer ;  but  the  bulk  of  his  body,  by 
measurement,  considerably  exceeded  the  length.  The  horn, 
which  is  affixed  to  the  upper  lip  of  the  adult  rhinoceros,  was 
here  just  beginning  to  sprout.  The  hoofs  were  divided  into  three 
obtuse  parts  :  the  soles  of  the  feet  were  well  defended,  by  a 
large  mass  of  elastic  matter,  covered  by  a  strong  horn-like 
substance. 

It  will  not  be  necessary  to  give  a  minute  detail  of  the  ana- 
tomy of  this  animal ;  it  is  only  requisite  to  remark  appearances 
which  are  peculiar  to  it,  and  such  as  are  not  commonly  met 
with  in  other  quadrupeds :  in  general,  the  structure  may  be 
said  to  correspond  to  that  of  the  horse ;  the  peculiarities,  how- 
ever, shall  be  briefly  noticed. 

The  skin,  it  is  well  known,  is  extremely  hard  and  tuber- 
culated ;  though  smoother,  and  easily  cut  through  by  a  common 
knife,  on  the  under  parts  of  the  body :  a  considerable  degree 
of  sliding  motion  was  observable  between  it  and  the  surface 
underneath  ;  this  arose  from  the  great  quantity  of  loose  cellu- 
lar membrane,  deposited  between  them,  for  the  purpose  of 
allowing  the  hard  skin  a  power  of  accommodating  itself  to 
the  body,  when  in  a  recumbent  position.  I  could  not  observe 
any  fibres  corresponding  to  the  panniculus  camosus,  generally 
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found  in  quadrupeds :  indeed  this  muscle  would  have  been  use- 
less here  ;  for,  from  the  structure  of  the  skin,  the  animal  could 
not  be  sensible  to  the  bites  of  insects ;  nor  could  so  weak  a 

power  act  upon  a  substance  so  strong  and  inelastic.  The 
abdominal  muscles  were  exceedingly  strong,  and  well  marked : 
the  tendinous  fascia?  were  much  thicker  than  I  had  ever  ob- 
served in  any  other  animal ;  obviously  to  give  a  sufficient  sup- 
port to  the  great  weight  of  the  viscera.  The  incisor  teeth 
were  only  four  in  number;  two  situated  in  each  jaw  ;  these  are 
placed  a  considerable  distance  from  each  other  :  besides  them, 
I  olwerved  in  the  head  of  another  rhinoceros,  five  years  old, 
and  where  the  soft  parts  had  been  removed,  two  smaller  teeth, 
placed  one  on  each  side  those  of  the  lower  jaw ;  these  were  not 
pointed.  There  were  only  eight  of  the  molares,  in  each  jaw : 
this  number,  of  course,  would  be  increased,  as  the  growth  of 
the  maxillary  bones  advanced  ;  their  form  may  be  considered 
as  peculiar,  and  has  been  already  noticed  by  Mr.  Home,  in  the 
Philosophical  Transactions  for  1799,  Tab.  XXI.  The  inside  of 
the  mouth  presented  nothing  unusual ;  the  membranes  cover- 
ing it  were  not  thicker  than  those  found  in  other  graminivo- 
rous animals.  The  pharynx  and  oesophagus  were  large  and 
capacious.  The  stomach,  with  the  whole  of  the  alimentary 
canal,  was,  in  external  appearance,  very  similar  to  that  of  the 
horse,  only  that  the  caecum  was  considerably  larger ;  which  va- 
riety accounts  for  the  great  size  of  the  abdomen,  already  noticed. 
The  stomach,  upon  its  inside,  was  in  every  part  covered  by  a 
secreting  surface  ;  whereas,  in  the  horse  it  is  partly  cuticular. 
The  small  intestines  were  extremely  short ;  but  the  surface  upon 
the  inside  was  considerably  extended,  by  the  internal  coat  be- 
-   ing  thrown  into  processes  of  an  oblong  form  ;  these,  after  the 
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mesenteric  vessels  wereinjected,  putonabeauufuLvillous  appear- 
ance: it  would  appear,  that  they  answer  the  same  purposes  as 
the  valvular  conniventes  in  the  human  subject ;  they  diner  only 
in  the  mode  of  arrangement,  and  are  unlike  what  I  have  ever 
observed  in  any  other  animal. 

The  liver  was  of  a  dark  black  colour,  very  soft,  giving  as 
little  resistance  to  pressure  as  the  human  spleen  generally  does  : 
it  was  divided  into  several  lobes.  The  gall  bladder  was  wanting. 
The  spleen  and  pancreas  were  very  similar  to  those  of  the 
ox.  The  kidnies  were  large,  and  considerably  flattened  :  they 
were  lobulated,  but  their  lobes  did  not  appear  so  distinct  as 
those  of  the  same  gland  belonging  to  the  bear;  probably,  as 
the  animal  advances  in  life,  this  appearance  may  be  altogether 
lost,  as  takes  place  in  the  human  body,  and  a  variety  of  other 
animals.  Upon  throwing  some  size,  coloured  with  vermiUion, 
into  the  emulgent  artery,  I  was  surprised  to  perceive  the  co- 
loured matter  escape  by  the  ureter,  without  any  considerable 
pressure  of  the  piston  :  this  circumstance  induced  me  to  insert 
the  pipe  into  the  excretory  duct  of  the  other  kidney  ;  when  the 
injection  escaped,  with  the  same  ease,  by  both  artery  and  vein. 
I  should  not  have  noticed  these  circumstances,  which  have  oc- 
casionally occurred  to  me  when  injecting  the  human  kidneys, 
and  also  those  of  other  animals ;  but,  in  these  instances,  the 
great  facility  with  which  the  injection  passed,  surprised  me,  and 
at  the  same  time  proved,  in  a  remarkable  manner,  the  simple 
structure  of  this  gland.  The  organs  of  generation  had  not  ar- 
rived to  maturity :  the  testes  were  small,  and  situated  without 
the  abdomen ;  the  vasa  deferentia  did  not  allow  quicksilver  to 
pass  along  them ;  and,  upon  the  whole,  it  was  evident  the  testes 
never  had  secreted.   The  vesiculae  seminales  were  cellular  3  - 
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and  in  shape  and  structure  like  those  m  the  human  subject :  they 
contained  only  a  small  quantity  of  a  ropy  fluid.  Upon  throw- 
ing some  coloured  wax  into  the  corpora  cavernosa  of  the  penis, 
the  extremity  became  expanded,  with  the  meatus  urinarius 
placed  in  the  centre  ;  this  expansion  was  not  so  considerable  as 
is  observed  in  the  horse  :  about  three  inches  below,  a  second 
enlargement  took  place,  though  not  so  compleat  and  perfect  as 
the  first.  The  penis  was  curved  in  its  form,  with  the  convex 
side  towards  the  body  ;  which  proves  that  this  animal  must  be  a 
retro-coient  :  indeed  his  general  structure  might  have  suggested 
this  idea,  had  not  these  parts  been  particularly  attended  to.  The 
contents  of  the  thorax  presented  nothing  worthy  of  remark. 
The  lungs  every  where  adhered  to  the  inside  of  the  thorax,  and 
were  in  a  high  state  of  inflammation ;  which  latter  circumstance 
was  probably  the  cause  of  the  animal's  death. 

Whilst  the  animal  was  living,  the  eyes  always  appeared  dull 
and  watery;  the  upper  and  under  palpebral  were  scarcely  ever 
observed  to  come  together  ;  the  palpebra  tertia  was  frequently 
carried  over  the  cornea,  and  corresponded  in  shape  and  struc- 
ture to  that  of  the  ox.  The  muscles  of  the  eye-ball  were  ex- 
actly similar  to  those  of  other  graminivorous  animals :  the  globe 
of  the  eve  was  not  larger  than  that  of  the  sheep;  and  the 
cornea  was  much  smaller.  Upon  cutting  through  the  sclerotic 
coat,  it  was  found  somewhat  harder  and  thicker  than  what  is  ob- 
served in  the  sheep  ;  and,  upon  endeavouring  to  separate  it  from 
the  choroid,  I  found  an  uncommon  resistance  at  the  posterior 
part  of  the  eye  ;  though  in  other  parts,  the  adhesion  between 
the  coats  appeared  less  than  what  takes  place  in  the  human 
body.  This  unusual  connection,  naturally  directed  my  attention 
more  particularly  towards  it ;  when  I  readily  discovered  four 
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processes,  arising  by  distinct  tendons  from  the  internal  and 
posterior  portion  of  the  sclerotica,  and  at  equal  distances  from  the 
optic  nerve.  These  processes  passed  forwards  between  the  coats, 
gradually  becoming  broader,  and  being  insensibly  lost  in,  and 
forming  a  part  of,  the  choroid,  atthe  broadest  diameter  of  the  eye: 
the  connexion  between  the  coats  around  the  outer  circle  of  the 
cornea,  was  the  same  as  is  observed  in  the  eye  of  other  animals. 
The  processes  had  a  muscular  appearance ;  the  fibres  running 
forward,  in  a  radiated  direction  ;  they  were  detached  from  the 
coats  with  the  greatest  facility,  except  at  their  origins  and  in- 
sertions, where  it  required  considerable  force  to  tear  them  from 
the  sclerotica ;  and,  at  their  terminations,  they  became  so  inti- 
mately connected  with  the  choroid,  as  to  form  only  one  sub- 
stance. On  neither  of  their  surfaces  was  there  any  thing  similar 
to  the  nigrum  pigmentum ;  the  pigment  was  confined  to  the  in- 
side of  the  choroid  coat,  without  any  structure  similar  to  thetape- 
tum  lucidum.  The  ciliary  processes  were  affixed  to  the  crystalline 
lens  ;  they  were  extremely  short,  and  indistinct ;  not  having 
that  beautiful  arrangement  commonly  seen  in  the  eye  of  other 
quadrupeds.  The  iris  was  circular,  and  of  a  dark  brown  colour. 
The  crystalline  lens  was  somewhat  remarkable  with  respect  to 
its  form,  being  nearly  spherical ;  this  was  very  strongly  marked, 
when  compared  with  the  lenses  of  several  other  animals ;  the 
anterior  surface  was  a  little  flattened. 

The  peculiarities  already  observed  in  the  structure  of  the  eye, 
in  different  animals,  are  very  numerous ;  but  I  do  not  know 
that  the  variety  above  stated  has  hitherto  been  noticed  by  any 
one :  the  structure  of  the  processes,  as  far  as  the  sight  can 
determine,  appears  to  be  muscular ;  and,  what  more  particularly 
tends  to  confirm  this  notion,  is  the  very  distinct  tendons  con- 


Digitized  by  Google 


of  a  male  Rhinoceros.  151 

necting  them  with  the  sclerotic  coat.  It  is  well  known  that  the 
iris,  and  also  other  parts  of  the  body,  possess  to  a  great  degree 
the  power  of  contraction,  without  our  being  able  to  demon- 
strate muscular  fibres ;  allowing,  therefore,  these  processes  to 
have  the  common  properties  of  muscles,  we  shall  be  better 
enabled  to  form  some  idea  of  their  uses. 

It  is  related  by  naturalists,  that  the  rhinoceros  does  not  enjoy 
a  very  quick  sight ;  and  that  he  can  only  distinguish  objects 
which  are  placed  immediately  before  him.  This  notion  most  pro- 
bably has  arisen  from  the  apparent  dullness  of  his  eyes,  and  the 
great  difficulty  he  must  meet  with  in  turning  the  head  from  side 
to  side,  encased  as  the  neck  is  by  its  strong  unyielding  cover- 
ings. I  conclude,  however,  that  if  we  should  ever  become 
acquainted  with  the  natural  habits  of  this  animal,  his  vision 
will  be  found  to  be  as  perfect  as  that  of  any  other  of  the  same 
class.  In  tile  muscles,  I  have  already  remarked,  that  there  is  no 
difference  ;  of  course,  the  eye-ball,  with  those  powers,  must  en- 
joy the  common  motions.  With  respect  to  his  ability  for  seeing 
near  objects,  it  is  not  probable  that  nature  should  have  denied 
to  this  creature,  a  faculty  which  has  been  granted  to  every  other, 
viz.  a  power  of  minutely  examining  their  food  before  it  is  taken 
into  the  stomach  ;  now,  as  his  eyes  are  placed  nearer  the  mouth 
than  in  any  other  quadruped  we  are  yet  acquainted  with,  it  is 
but  reasonable  to  suppose,  that  his  powers  for  accommodating 
vision  to  very  near  objects  must  be  equal,  if  not  superior,  to 
theirs.  In  the  easy  and  natural  state  of  the  eye,  it  is  probably  so 
adjusted  as  to  view  with  perspicuity  very  near  objects,  requiring 
some  change  to  adapt  it  for  distinguishing  distant  ones.  This 
change,  most  likely,  is  effected  by  the  four  processes  acting  con- 
jointly :  at  their  terminations  they  completely  encircle  the  eye 
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at  its  broadest  diameter ;  therefore,  upon  their  contracting,  the 
axis  of  vision  will  be  shortened,  and  the  retina  brought  nearer 
to  the  crystalline  lens  ;  consequently,  the  eye  will  be  better 
fitted  for  seeing  objects  at  a  distance.  In  birds,  there  is  placed 
at  the  posterior  part  of  the  eye,  a  muscular  process,  called  by 
Haller,  pecten  avium,  by  others,  marsupium :  this  answers 
the  same  purposes  as  these  processes,  the  arrangement  of  its 
fibres  only  differing.  In  the  chameleon,  and  also  in  many  fishes, 
a  similar  structure  is  found,  calculated  to  produce  the  same  ef- 
fects ;  and  probably  something  of  the  same  nature  may  be  seen 
in  the  eyes  of  many  other  animals,  which  has  hitherto  escaped 
observation. 

As  it  is  impossible  for  language  to  convey  a  just  idea  of  the 
relative  situation  of  these  processes,  I  have  subjoined  sketches, 
shewing  them  in  three  different  points  of  view:  the  parts  repre- 
sented are  of  the  natural  size. 

Plate  X.  Fig.  1,  Represents  a  longitudinal  section  of  the  globe 
of  the  eye ;  the  vitreous  humor  is  removed,  and  the  choroid  coat 
detached  and  brought  forward  :  a  bristle  is  introduced  between 
the  two  processes  and  the  sclerotic  coat. 

Fig.  «,  Represents  the  internal  and  posterior  portion  of  the 
sclerotic  coat ;  the  foramen  for  the  passage  of  the  optic  nerve  in 
the  centre ;  and  the  four  processes  arising  at  equal  distances 
from  it. 

Fig.  3,  Represents  an  outside  view  of  the  processes,  losing 
themselves  in  the  choroid  coat :  portions  of  folded  paper  are 
placed  under  each,  to  render  them  more  distinct. 

Fig.  4.  A  portion  of  the  jejunum  inverted,  to  shew  the  fold- 
ings of  its  internal  membrane. 
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VII.  Demonstration  of  a  Theorem,  by  which  such  Portions  of 
the  Solidity  of  a  Sphere  are  assigned  as  admit  an  algebraic 
Expression.  By  Robert  Woodhouse,  A.  M.  Felloxv  of  Caius 
College,  Cambridge.  Communicated  by  Joseph  Planta,  Esq. 
Sec.  R.  S. 

Read  February  12,  1801. 

In  1692,  a  problem  was  proposed  by  Viviani,  (Act.  Eriid. 
Lips. )  to  the  geometricians  of  his  time,  in  which  it  was  required 
to  separate  from  the  surface  of  a  sphere,  such  portions,  that  what 
remained  should  be  quadrable. 

In  the  second  volume  of  the  Memoirs  of  the  National  Insti- 
tute, M.  Bossut  announces  a  theorem  relative  to  the  solidity  of 
a  sphere,  very  simple,  he  says,  and  as  remarkable  as  Viviani's, 
but  depending  on  an  integration  much  more  complicated :  the 
theorem  is  this. 

"  If  a  sphere  be  pierced  perpendicularly  to  the  plane  of  one 
of  its  great  circles,  by  two  cylinders  of  which  the  axes  pass 
through  the  middle  points  of  two  radii  that  compose  a  diameter 
of  this  great  circle,  the  two  portions,  thus  taken  away  from  the 
whole  solidity  of  the  sphere,  leave  a  remainder  equal  to  two- 
ninths  of  the  cube  of  the  sphere's  diameter." 

M.  Bossut  withholds  the  analysis  that  led  to  this  result.  I 
have  obtained  it  in  the  subjoined  process,  in  which  the  integra- 
tion is  not  at  all  more  complicated  than  what  is  used  in  the 
solution  of  the  Florentine  problem. 

mdccci.  X 


Digitized  by  Google 


15^      Mr.  Woodhouse's  Demonstration  of  a  Theorem 

Let  x,  y,  z  be  three  rectangular  co-ordinates,  that  determine 
the  position  of  any  particle  of  a  solid  body  relatively  to  any 
three  fixed  axes,  then  the  element  of  the  solidity  may  be  repre- 
sented by  the  paralellopiped  zy  x ;  hence,  s  (solidity)  =  JJJ  zy  x, 
which  triple  integral  must  be  taken  first  relatively  to  z,  suppo- 
sing^ and  x  constant;  next,  relatively  toj,  supposing x  constant, 
having  previously  substituted  in  the  function  of  %,  for  z,  its  va- 
lue in  terms  of  x  and  y ;  and,  lastly,  relatively  to  x,  having 
previously  substituted  in  the  function  ofy,  for y,  its  value  in  terms 
of  x.  The  order  of  these  integrations  may  be  varied  at  pleasure. 

In  the  present  case,  let  the  origin  of  the  co-ordinates  be  the 
centre  of  the  sphere;  then  s=fff  zy  x=ff  (z'—  z)y  x;  and, 
if  the  integral  be  taken  from  the  plane  of  x  and  yt  where  z  =  o, 
to  the  surface  of  the  sphere,  where  z  =  x',  s  =ff  z'y  x ;  but  the 
equation  to  the  surface  of  the  sphere  is  z'  —  \/rl—  x*—yx=s  o; 
hence,  s=Jf  >/  rx—  **— y*y  x. 

Without  the  aid  of  some  transformation,  it  would  be  extremely 
difficult  to  find  the  value  of  this  double  integral :  the  trans* 
formation  is  to  be  effected  in  the  following  manner. 

In  the  expression  z*  xy,  suppose  first  x  =  funct.  (y,  f )  =  R ; 

then,  regarding  >  as  constant,  x  =  z'xy^zf  \y\ 

and,  when  its  integral  is  to  be  taken  relatively  to  f ,  the  value  of 
x  ax  R  must  be  substituted  for  x  in  z*  or  >/  r"—  y\ 
Again,  let^  =  funct.  (f,  0=2  *%  considering  ^  constant, 

i  hence,  =  ^  (f)  e  (j1)^  and,  to  inte- 

grate, substitute  for  y  its  value  (Q)  in  z*  (~).  The  expression 
x*  xy  is  thus  transformed  into  another,  relative  to  two  variable 


Digitized  by  Google 


assigning  certain  Portions  of  a  Sphere.  155 

quantities,  £  and  0;  and,  since  we  have  x  =  R  =  funct.  (y, 
y  =  Q  =  funct.      6),  x  and  ^  may  be  deduced  functions  of  ^ 

and*.  HencU-[f)f+(f)«  j  &c.  bejng 

1  •  1  1        /  *  \  *    j     »  »  0  ' 

*  *  •  • 

to  determine  ($=]  and  (5-J,  (^)  =  £,  and  (S-j  was  made  equal 
to  |4-J  on  the  supposition  that^y  was  constant,  or  that  y  =  o; 
hence,  |j-J  must  be  determined  from  the  equations  *=[■?-)  ?  +  [£}  j 

and  o  =  (4-)  j  +  (i-j  0, 

eliminating  9,  (i)-i--M  ^  .•  f&)  (2*) 

=  M  (j)  —  [f]  [■£]•   Hence,  z'  *  j  is  transfonned  into 


t)  (f )  -  (f )  (f tf 

The  preceding  transformation  is  general,  whatever  functions 
of  p  and  5,  x  and  ^  are.  To  obtain  a  particular  solution  in  the 
present  case,  let  the  co-ordinates  x  and  y  be  transfonned  into 
a  radius  vector  ^  and  an  angle  0,  which  g  makes  with 
.*.  JT  =  £  cos.  0 

^=esin.0andv/TT?  =  e 
{£)  =  sin.  0,  |ij  =     ^  cos.  0 

"(f)  (fj-(f)  (f)=e(^  +  ^')=^ 
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and,  since  x'  =  </  r  —  .r*  -  /  =  ✓  rl  -  f,  z'  xy  is  transformed  into 

ff  *  hence  5  =  <  6  >/7={  =  f\ (>>  ~      "  ^"^jg. 

Let  the  integral  commence  from  the  circumference  of  the 
circle  in  the  plane  of  which  x  and y  are  situated;  then  ^  =  >J  =  r, 

and  5  =  /  vr~~*  ;"  0,  in  which  expression  —  0  is  the  cle- 

3  ...  3 

mcnt  of  the  solidity  insisting  on  that  part  of  the  plane  of  z  which 
is  included  between  the  circumference  of  the  circle  whose  ra- 
dius is  r,  and  the  curve  whose  nature  is  determined  by  the 
relation  existing  between  r  and  v,  or  o  and  0. 

In  the  present  problem,  this  latter  curve  is  given  to  be  a  semi- 
circle described  on  r  as  a  diameter;  hence,  as  *  is  a  line  drawn 
from  an  extremity  of  this  diameter  to  the  circumference,  ma- 
king an  angle  &  with  the  diameter,  we  have,  by  similar  figures, 

•Hence, ,  =-/^ X  6  =  «  =  Is  ~  f 

.*.  s  =  — —  —  H_X±i_  whcn  -  =  o  =  — ,  the  value  of  the  po: 

9  9     '        *  y  - 

of  tlie  solid,  insisting  on  a  base  in  the  plane  of  x  and  y,  and  the 
bounding  lines  of  which  are  a  quadrantal  arc,  (rad.  r)  a  semi- 
circle, (diam.  r)  and  a  radius  (r)  perpendicular  to  the  diameter 

•  If  j  is  expressed  in  terms  cf  <  and  i,  the  intogmion  is  less  simple;  for 

,  ,   ,        3         \i  a:.  :.  ;  9  v 

3 

+  T  <  Mi  +  IT  *  /.  *  =  -  T   7  ~  —  X  —J  4-  corrcct.cn  = 


when  the  integral  is  taken  from  t  zz.  o  tv  t  =  oo 
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of  the  semicircle :  hence,  for  the  whole  sphere,  S  >•  =    *  ~ ' 
=  *x(2  f'Y^}  (diameter)',  which  is  the  result  the  theorem 
announces. 

i.  The  transformation  *  of  z'  x  y  into  z'  j  — j  \^}  f     i"  the 

present  case,  may  he  avoided  by  originally  taking  the  element 
of  the  solidity  differently;  thus,  if  u  be  the  incremental  arc  de- 
scribed with  radius  ^  the  element  of  the  solidity  =  ~'  x  \  = 

(since  a.  :  0  : :  f  :  1)  z'  ^  d  —  ^  r~  —  (  %  %  &  ;  whence 

✓  —  ■  .  . 

5  ~Jfv  i'1  —  as  before. 

e.  The  intersection  of  the  surfaces  of  the  cylinder  and  sphere 

is  a  curve  of  double  curvature,  of  which  the  two  equations  are 

y  =:  (r,i  —  ,i5)  and  ir  =  (rl  —  ra  )J ;  and  hence  it  appears,  that 
the  same  curve  may  likewise  be  formed  by  the  intersection  of 
the  surfaces  of  two  cylinders,  one  perpendicular  to  the  plane 
of  v  on  a  circular  base,  the  other  perpendicular  to  the 

plane  of  x  and  z  on  a  parabolic  base. 

3.  The  area  of  the  curve  of  double  curvature  =  / zf  (x*-{-f) 1 

=/(/•*  -  s-yy  o* +r)i  ==7~4  =  when 

=  /  *;  this  area  is  the  surface  of  half  the  cylinder  included  in 
the  hemisphere,  and  therefore  the  surface  of  the  two  cylinders 
included  in  the  sphere  =  8  r\ 

w »  •  - ... 

•  The  method  of  finding  triple  and  double  integrals,  is  not  confined  to  the  solution 
of  merely  geometrical  problems  like  the  preset.  The  attraction  of  :v.\  elliptical  spheroid 
depends  on  the  formula  JJ  M  xy  ;  and,  by  integrating  it,  M.  [.aoran-ce  (Mem.de 
Berlin,)  and  M.  Legendrb  (Mtrra.  dx  l'Acad.  1788),  gave  the  analytical  solution 
of  tiie  problem,  of  the  attraction  of  a  spheroid,  which  Maclaurin  had  solved,  in  his 
Treatise  of  the  Tides,  on  purely  geometrical  principles. 
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4.  The  length  of  the  curve  cannot  be  algebraically  expressed ; 
but  it  may  be  exhibited  by  means  of  the  rectification  of  an 

elliptic  arc;  for  •/✓(*"  +  /+  if)  =J^{  1  +  +  ^hi) 

If  c  and  /  are  semiaxes  of  an  ellipse,  v  abscissa  measured  from 
vertex,*^  (A)  =  vv/(n^-5  +  v  =  t  -  mt\/7, 

then  A  =  -ftSp±£^)^ 

=  C  —  ^4  (semiaxes  t,  and  c,  abs.  t  —  mt\/  x).  Compare  this 

fit  t 

form  with  £ S[l±Z)  and  <■ = r.  »•=  •!>  <*=  .r  ,. 

cs  —  v^T  x  A  (semiaxes  y/T,  abs.  v/T—  vT)  +  corr.  (C) 

when  x  =  o,  length  of  curve  =  o  .*.  C  =  vT  x  quad,  el- 
lipse (Q).  Hence, length  =  — A)  when x  =  r=  v'T*  Q 
=  Q'(Q'  being  quadrant  ellipse  of  which  the  semiaxes  are  r, 
r  >/  a) ;  hence,  if  an  ellipse  be  described,  of  which  the  semiaxes 
are  the  radius  (r)  of  a  great  circle  of  the  sphere,  and  the  side 
of  a  square  inscribed  in  that  great  circle,  then  the  length  of  the 
curve  line  which  is  the  intersection  of  the  cylinder  with  the 
surface  of  the  hemisphere,  is  equal  half  the  periphery  of  the 
ellipse. 

•  The  length  of  the  curve  may  be  as  commodiously  expressed  in  terms  of  { ;  for, 

since  *  =  f  cos.  ft,  y  s  *  sin.  9,  *  =  Vr»— €»  V +  *  =  s/*'tr+  fr'-rtf  P 

V'  r«  — {• 

but  ft  =  -L— therefore  V **+>*  +  «'*  =  «V  i±l*  j  whence  the  integral, 
by  means  of  the  rectification  of  an  ellipse,  as  before. 
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VIII.  Account  of  the  Discovery  of  Silver  in  Herland  Copper 
Mine.  By  the  Rev.  Malachy  Hitchins.  Communicated  by 
the  Hight  Hon.  Sir  Joseph  Banks,  Burt.  K.  B.  P.  R.  S. 

Read  February  12,  1801. 

Herland  Mine  is  situated  in  the  parish  of  Gwinear,  about 
seven  miles  N.  E.  of  St.  Michael's  Mount,  on  the  southern  coast 
of  Cornwall;  and  two  miles  and  a  half  from  the  mouth  of  the 
river  Hayle,  on  the  northern  coast  of  the  same  county  :  it  is 
contiguous  to  Prince  George  Mine. 

It  commences  in  a  valley  on  the  west,  and  passes  through  a 
hill,  whych  is  first  of  steep  and  then  of  moderate  ascent,  for 
upwards  of  half  a  mile  eastward;  when  the  principal  copper 
lodes,  which  follow  this  direction,  meet  with  a  large  cross  lode, 
by  which,  and  by  other  cross  courses  and  flookans,  which  inter- 
sect them  in  their  farther  progress,  they  are  repeatedly  heaved, 
and  so  disordered  by  these  heaves,  in  their  form  and  position, 
and  so  changed  by  them,  in  respect  to  their  composition,  as 
hardly  to  be  recognized. 

The  strata  of  the  district  in  which  this  takes  place,  consist  of 
the  common  metalliferous  sort  of  argillaceous  slate  called  Kiilas. 

The  copper  lodes  of  this  district  are  remarkable  for  the 
shortness  of  their  continuity;  for,  whereas  other  lodes  may  be 
traced  to  an  indefinite  extent  in  the  same  line  of  direction,  these, 
on  the  contrary,  are  observed  to  taper  away  gradually,  and 
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terminate,  to  all  appearance,  at  a  short  distance,  completely  and 
irrecoverably. 

This  mine  was  worked  about  twenty  years  ago,  when  it  was 
sunk  to  the  depth  of  one  hundred  fathoms  from  the  surface.  It 
was  again  set  to  work  about  eight  years  since ;  has  now  four 

# 

fire-engines  and  two  steam-whims  on  it ;  and  is  sunk  to  a  depth 
of  one  hundred  and  fifty-five  fathoms  below  the  surface,  or,  as 
the  miners  call  it,  from  grass. 

It  is  in  this  latter  period  of  its  history,  that  a  discovery  has 
been  made  of  a  considerable  quantity  of  silver  ore,  in  a  parti- 
cular part  of  the  mine,  the  singularity  of  which  discovery,  in 
this  country,  has  much  excited  the  curiosity  of  the  public. 

For,  although  the  numerous  veins  of  lead  in  Cornwall  are 
richly  impregnated  with  silver,  and  occasionally  yield  small 
quantities  of  silver  ores,  and  even  specimens  of  native  silver, 
yet,  hitherto,  no  instance  had  been  known  of  their  yielding 
this  precious  metal  in  such  abundance ;  nor  had  any  circum- 
stances, in  the  natural  history  of  the  mineral  veins  of  this  coun- 
try, "borne  any  analogy  to  those  which  accompanied  the  present 
discovery. 

These  circumstances  therefore,  having  been  examined  with 
more  attention  than  usual,  shall  be  stated  with  as  much  preci- 
sion as  it  is  possible  to  obtain,  from  the  report  of  those  practical 
miners  only  who  have  hitherto  inspected  them. 

The  facts  which  deserve  to  be  first  noticed  are,  the  confined  and 
insulated  position  of  the  mass  of  silver  ore ;  its  great  depth  from 
the  surface  of  the  mine ;  and  its  contiguity  to  a  copper  lode. 

The  lode  in  which  it  occurs  is  one  of  those  cross  courses,  as 
they  are  here  called,  which  intersect  and  derange  the  copper 
lodes,  and  consequently  are  of  a  more  recent  formation. 
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Lodes  in  this  direction  are  usually  filled  with  quartz,  but 
frequently  produce  galena ;  and  sometimes,  instead  of  galena, 
sulphurated  antimony.  They  appear  here  to  conform  to  the 
same  laws,  except  in  the  particular  instance  now  to  be  described, 

which  forms,  indeed,  a  very  remarkable  exception. 

No  ores  of  silver  were  observable  in  this  lode,  until  at  the 
depth  of  one  hundred  and  ten  fathoms  from  the  surface,  or 
eighty  below  the  adit  or  level;  and,  at  the  farther  depth  of 
thirty-two  fathoms,  they  disappeared. 

They  have  been  discovered  only  in  the  neighbourhood  of 
one  of  the  intersected  copper  lodes,  extending  no  where  above 
twelve  feet  from  this  lode,  on  the  north,  or  above  thirty-two  feet 
from  it,  on  the  south,  and  acquiring  this  their  greatest  extent  at 
the  deepest  level ;  for,  the  usual  dimensions  of  the  silver  ore  are 
not  more  than  six  feet  in  the  former  situation,  and  twelve  feet 
in  the  latter. 

It  is  remarkable,  that  at  the  point  of  contact  or  intersection, 
the  contents  of  the  silver  lode  are  so  poor  as  to  be  scarcely 
worth  saving ;  and  those  of  the  copper  lode  are  much  less  pro- 
ductive of  copper  than  at  a  little  distance  from  this  point 
Moreover,  that  the  copper  lode,  in  the  vicinity  of  the  intersec- 
tion, seems  to  have  been  influenced  by  the  same  causes  of  im- 
provement and  declension  as  the  cross  lode;  being  richer  or 
poorer  in  copper,  as  the  latter  was,  at  a  correspondent  jevel,  in 
silver.  7 

The  richest  mass  of  silver  ore  was  found  at  the  depth  of  two 
fathoms  above  the  level  at  which  it  disappears. 

After  this  brief  account  of  the  most  striking  facts,  it  may  be 
proper  to  enter  into  a  more  particular  description  of  the  two 

mdccci.  Y 
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lodes  which- appear,  by  their  intersection,  to  have  generated 
this  body  of  extraneous  matter. 

The  copper  lode  bears  nearly  east  and  west  by  the  compass; 
the  cross  lode  nearly  north  and  south,  or  at  right  angles  to  it. 

The  former  is  about  two  feet  broad*,  on  an  average  ;  and  it 
dips  or  underlies  south,  one  foot  in  a  fathom.  The  breadth  of 
the  latter  is  about  two- feet  and  a  half,  on  an  average;  and  its 
underlie  is  east,  about  eight  inches  in  a  fathom. 

The  heave  of  the  copper  lode  is  about  eighteen  or  twenty 
inches  to  the  right,  in  the  language  of  the  Cornish  miner;  the 
expression  being  so  far  appropriate  and  jconvenient,  as  it  refers 
to  the  usual  situation  of  the  observer  in  the  heaved  lode. 

The  copper  lode  is  filled  with  layers  of  ore  and  stony,  matter, 
the  latter  of  which  is  here  called  Caple;  but  the  ore  is  usually 
found  contiguous  to  the  walls  of  the  lode. 

The  contents  of  the  cross  lode  are  more  singular,  in  respect 
to  their  local  position,  and  more  various.  Only  the  eastern  side 
of  it  produces  silver  ore,  the  breadth  of  which  is  in  general  about 
six  or  eight  inches,  although  in  some  places  it  is  greater.  The 
other  part' of  the  lode  is  chiefly  composed  of  quartz*  intermixed 
with  iron,  manganese,  and  wolfram,  together  with  a  small  por- 
tion of  cobalt  and  antimony. 

The  silver  ore,  strictly  speaking,  is  a  mixture  of.  galena,  native 
bismuth,  grey  cobalt  ore,  vitreous  silver  ore,  and  native  silver; 
which,  in  respect  to  their  proportions,  follow  the  order  in  which 
they  are  here  enumerated,  the  galena  being  the  most  prevalent. 
The  native  silver,  of  which  specimens  of  the  greatest  beauty 
have  been  reserved  for  the  cabinets  of  the  curious,  is  found 
chiefly  in  a  capillary  form,  in  the  natural  cavities  of  the  lode. 
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About  one  hundred  and  eight  tons  of  this  ore  have  been 
raised.  The  miners  continue  to  sink  near  the  same  point  of 
intersection ;  and  seem  confident  that  both  lodes  will  soon  be- 
come richer,  because  similar  instances  of  declension  and  reco- 
very have  frequently  occurred  in  the  copper  lodes  of  this  mine* 
an4  because  the  two  lodes  appear  to. have  a  reciprocal  .influence 
on  each  other. 

Unfortunately,  however,  the  extent  of  their  speculation  is 
limited  by  the  great  depth  of  the  present  workings ;  for,  forty-* 
five  fathoms  have  been  sunk  since  the  first  discovery  of  the  sil- 
ver ;  and  twenty,  or  twenty-five  fathoms  more,  are  as  much  as 
can  be  sunk  in  this  mine,  with  its  present  mechanical  powers 
of  drawing  the  water;  at  which  level,  viz.  one  hundred  and  eighty 
fathoms  from  the  surface,  it  would  be  somewhat  deeper  than 
any  mine  in  Cornwall,  and  about  one  hundred  and  thirty  fathoms 
below  the  level  of  the  sea,  at  low  water  mark. 

The  other  cross  lodes  in  this  mine  produce  no  silver ;  most 
of  them  being  flookans,  or  lodes  which  are  essentially  different 
from  the  argentiferous  cross  lode,  in  the  nature  of  their  consti- 
tuent mass.  There  is  one,  however,  in  the  eastern  part  of  the 
mine,  which,  from  its  resemblance  to  that,  is  thought  likely  to 
produce  silver,  whenever  it  shall  be  explored  to  the  same  depth, 
at  its  point  of  intersection ;  although  these  hopes  may  probably 
be  fallacious,  for  the  argentiferous  lode  intersects  five  other  cop- 
per lodes,  viz.  two  on  the  north,  and  three  on  the  south  side, 
without  producing  any  silver. 
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EXPLANATION  OF  THE  PLATE. 

Plate  XI.  represents  the  lodes  of  Herland  and  Prince  George 
copper  mines,  on  a  plane  parallel  to  the  horizon,  at  one  hun- 
dred and  ten  fathoms  below  the  surface  of  the  earth. 

This  plan  is  drawn  on  a  scale  of  one  inch  to  seventy-two 
yards. 

The  size  of  the  lodes,  and  the  distance  of  their  heaves,  are, 
for  the  sake  of  distinctness,  represented  too  large  in  proportion. 
The  small  black  squares  represent  the  shafts. 
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IX.  Account  of  an  Elepbanfs  Tusk,  in  wbicb  the  Iron  Head  of 
a  Spear  was  found  imbedded.  By  Mr.  Charles  Combe,  of 
Exeter  College,  Oxford.  In  a  Letter  to  the  Right  Hon.  Sir 
Joseph  Banks,  Bart.  K.  B.  P.  R.  S. 

Read  February  19,  i8cn. 

Sir, 

I  have  the  honour  of  transmitting  to  you  a  fact  relative  to  are 
elephant's  tusk,  in  which  the  iron  head  of  a  spear  was  lately 
discovered  to  have  been  imbedded. 

The  tusk  weighed  fifty  pounds :  it  measured  six  feet  in  length; 
and  was  supposed,  by  Mr.  Pope,  an  eminent  manufacturer  at 
Birmingham,  to  have  come  from  Africa,  as  he  procured  it  at  a 
sale  in  Liverpool. 

When  it  was  delivered  into  the  hands  of  the  workmen,  they 
perceived,  on  the  tusk  being  shaken,  a  rattling  noise,  about  two 
feet  and  a  half  from  the  base ;  and,  in.  consequence,  made  a 
transverse  section*  somewhat  below  the  part  whence  the  sound 
proceeded.  Here,  upon  enlarging  the  aperture  by  a  chissel, 
they  distinguished  a  hard  extraneous  body ;  and,  on  making 
other  sections,  found  it  to  be  an  iron  spear-head,  considerably, 
corroded. 

It  is  no  very  uncommon  circumstance- to  meet  with  brass,, 
lead,  and  iron  musket-balls  in  the  substance  of  an  elephants 
tusk;  but  I  believe  a  spear-head,. in  a  similar  situation,  has  not 
hitherto  been  observed.  Besides,  general  appearances  seem  to- 
indicate,  that  balls  are  projected  through  the  sides  of  the  task ; 
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whereas,  in  the  instance  before  us,  it  is  hardly  possible  that  the 
accident  could  have  taken  place  in  that  way.  The  texture  of 
the  surrounding  ivory  bears  no  marks  of  external  injury;  and 
the  spear-head  pursues  the  natural  course  of  the  cavity,  pointing 
downwards  towards  the  apex  of  the  tusk. 

The  most  probable  conjecture  is,  that  the  spear  entered  at 
the  basis  of  the  trunk.  If  we  examine  the  skull  of  an  elephant, 
it  will  be  found,  that  the  tusks  are  strongly  articulated  in  the 
upper  maxillary  bones.  In  the  males,  they  reach  as  high  as  the 
thin  plate,  which  separates  them  from  the  nasal  cavity,  whence 
the  trunk  arises.  We  have  only  then  to  suppose,  that  the  spear 
struck  somewhat  perpendicularly,  between  the  interior  angle  of 
the  eye  and  the  proboscis :  the  interposing  plate  of  bone  would 
yield  without  much  difficulty;  and  the  cavity  of  the  tusk  is  placed 
immediately  beneath. 

Whether  the  wooden  part  of  the  spear  was  separated  directly, 
in  consequence  of  the  jar,  or  afterwards,  by  the  exertions  of  the 
animal  itself*  is  of  little  moment :  no  vestige  of  it  now  remains; 
and  the  head  of  the  spear  affords  a  presumption,  that  the  shaft 
was  never  very  firmly  attached  to  it. 

The  presence  of  an  extraneous  body  in  the  substance  which 
fills  the  conical  cavity  of  the  tusk,  would  be  the  cause  of  inflam- 
mation, and  subsequent  suppuration.  In  the  mean  time,  the 
spear-head,  acting  by  its  gravity,  would  descend,  till  prevented 
by  the  resistance  of  the  converging  parietes  of  the  cavity.  Af- 
ter a  process  of  time,  when  the  tusk  had  been  protruded  further 
from  the  skull,  in  consequence  of  growth,  fresh  bony  matter 
would  necessarily  be  deposited,  to  preserve  a  corresponding  re- 
lation between  the  size  of  the  cavity  and  the  tusk ;  and  thus  the 
spear-head  would  gradually  become  imbedded  within  the  ivory. 
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It  is  not,  however,  closely  encompassed  :  there  is  a  space,  mea- 
suring about  the  third  of  an  inch,  on  each  side,  between  the  face 
of  the  spear-head  and  the  lateral  limits  of  the  cavity.  Above 

the  spear-head,  the  cavity  very  suddenly  contracts  in  its  long 
diameter,  by  an  increased  deposition  of  true  ivory  on  one  side: 
on  the  other,  and  in  difterent  places,  we  may  perceive  an  at- 
tempt at  subsequent  bony  formation  ;  but  it  is  imperfectly 
attached  to  the  true  ivory,  and  of  an  inferior  quality,  apparently 
consisting  of  a  larger  portion  of  animal,  and  a  less  of  earthy 
particles.  v;«  l>pi.My  ''-r{ 

It  may  be  remarked,  that  there  is  a  partial  alteration  of  po- 
sition, in  that  part  of  the  cavity  of  the  tusk  which  is  occupied  by 
the  spear-head.  Through  this  space,  the  long  diameter  runs  in 
the  direction  of  the  short  diameter  of  a  transverse  section  of  the 
tusk.  There  can  be  no  doubt  but  that  this  alteration  has  arisen 
from  the  casual  situation,  which  the  spear-head  first  obtained. 
For,  immediately  above  the  spear-head,  the  natural  position  is 
resumed,  and  the  long  diameter  of  the  hollow  is  with  the  long 
diameter  of  the  tusk.  nrn  < :  j^mx* 

Were  we  acquainted  with  the  rate  of  progress  which  a  tusk 
assumes  in  growth,  we  might  make  some  estimate  of  the  age  of 
the  elephant,  when  the  accident  took  place.  There  arc,  how- 
ever, I  believe,  no  data  from  which  -any  correctness  in  this  re- 
spect can  be  collected.  The  elephant  certainly  recovered;  and* 
from  the  situation  of  the  spear-head,  together  with  the  quantity 
of  bony  matter  afterwards  deposited,  it  is  probable  that  the  ani- 
mal lived  a  considerable  time  after  the  wound  had  been  received. 

I  aw,  &c. 

CHARLES  COMBE. 
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Explanation  of  the  Figures.  See  Plate  XII. 

i 

The  description  of  the  drawings  (which are  upon  a  scale  of 
half  an  inch  to  an  inch,)  supposes  the  natural  situation  of  the 
•tusk,  with  its  apex  pointing  downwards. 

Fig.  t.  Shews  the  shape  and  size  of  the  spear-head. 

Fig.  2.  Position  of  the  spear-head,  in  a  transverse  section 
of  the  tusk,  with  the  relative  magnitudes  of  both. 

Fig.  3.  Cavity  of  the  tusk  below  the  spear-head,  after  it  had 
been  enlarged  by  the  chissel. 

Fig.  4.  Cavity,  as  it  surrounds  the  spear-head,  with  its  long 
diameter  running  in  the  direction  of  the  short  diameter  of  the 
tusk.  a.  A  portion  of  more  recently  formed  inferior  bony 
matter. 

Fig.  5-  Cavity  of  the  tusk  just  above  the  spear-head.  The 
portion  faintly  shadowed  represents  the  contraction  of  the  cavity 
by  true  ivory,  a  a.  More  recently  formed  inferior  bony  matter. 

Fig.  €.  The  natural  position  of  the  long  diameter  of  the  ca- 
vity resumed,  so  as  to  run  in  the  direction  of  the  long  diameter 
of  the  tusk,  a  a.  More  recently  formed  inferior  bony  matter. 

Fig.  3,  4,  5,  and  6,  Represent  the  lower  surfaces  of  the  con- 
necting transverse  sections  of  the  tusk.  Fig.  3,  is  farthest  from 
the  basis ;  and  their  respective  lengths  are,  Fig.  3,  4,  and  £, 
finches  each;  Fig.  6,  2  feet. 
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X.  Description  of  the  Arseniates  of  Copper,  and  of  Iron,  from 
the  County  of  Cormvall.  By  the  Count  de  Bournon.  Com- 
municated by  the  Right  Hon.  Sir  Joseph  Banks,  Bart.  K.  B. 
P.  R.  S. 

*  :  * 

Read  February  19,  1801. 
SECTION  I. 

ARSENIATES  OF  COPPER. 

The  natural  combination  of  the  arsenic  acid  with  copper,  and 
the  different  aspects  under  which  this  combination  appears, 
according  to  the  proportions  in  which  these  two  substances  are 
united,  were  among  those  objects  of  mineralogy,  respecting 
which  our  imperfect  knowledge  required  the  aid  of  study  and 
observation.  A  new  copper  mine,  lately  worked,  called  Huel 
Gorland,  in  the  parish  of  Gwennap,  in  the  county  of  Cornwall, 
having,  within  the  last  two  years,  enriched  the  cabinets  of 
London  with  some  very  fine  specimens  of  these  arseniates,  I  have 
been  induced  to  pay  particular  attention  to  them ;  and  I  offer  the 
result  of  my  observations  to  the  Royal  Society,  as  an  acknow- 
ledgment of  that  gratitude  which  I  and  all  Frenchmen,  faithful 
to  their  king,  ought  to  feel  and  profess  to  a  country  which  has 
distinguished  itself  as  the  protector  of  honour  and  loyalty. 

Although  there  appears,  according  to  some  German  authors, 
reason  to  think  that  arseniate  of  copper  has  been  found  in 
Silesia,  its  much  greater  abundance,  as  well  as  the  various 
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aspects  under  which  it  exists,  in  the  county  of  Cornwall,  may 
entitle  it  to  be  considered  as  one  of  the  many  mineral  sub- 
stances which  are  peculiar,  or  nearly  so,  to  England. 

Of  the  various  works  on  mineralogy  lately  published,  there 
are  few  which  have  not  mentioned  arseniate  of  copper,  among 
the  ores  of  this  metal.  It  seems,  however,  that  some  of  their 
authors  had  no  knowledge  of  this  ore,  except  from  the  very  im- 
perfect account  communicated  by  the  celebrated  Klaproth,  in 
1787,  in  the  Scbriften  der  Gesellscbaft  Naturf'orscbender  Freunde, 
Vol.  VII.  in  which  he  has  given  an  interesting  sketch  of  the  mi- 
neralogy of  the  county  of  Cornwall,  as  far  as  it  was  then 
known.  Others  seem  to  have  possessed  only  imperfect  speci- 
mens of  arseniate  of  copper,  as  none  of  the  forms  which  they 
attribute  to  its  crystals,  can  belong  to  it.  Besides,  they  all 
confound  with  this  ore,  those  cubic  crystals,  of  a  very  beau- 
tiful green  colour,  which  are  found  in  Muttrell  mine,  contiguous 
to  Huel  Gorland  mine ;  and  which,  according  to  the  analysis 
made  with  the  greatest  care  and  ability,  by  Mr.  Chenevix, 
are  of  a  nature  totally  different,  and  cannot  properly  be  classed 
among  copper  ores,  as  they  contain  but  a  very  inconsiderable 
quantity  of  that  metal. 

The  existence  of  arseniate  of  copper  seems,  however,  even 
at  this  day,  to  be  an  object  of  doubt  among  the  French  mine- 
ralogists ;  for  the  Abb£  Hauy  does  not  mention  it  in  the  s8th 
and  following  numbers  of  the  Journal  des  Mines,  although  they 
contain  an  interesting  extract  of  a  system  of  mineralogy,  which 
he  was  then  preparing  for  the  press  ;  nor  has  M.  Fourcroy 
even  hinted  at  it,  in  his  Systeme  des  Connoissances  Cbimiques, 
lately  published. 

It  is  now  above  twenty  years,  since  arseniate  of  copper  was 
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discovered  in  the  county  of  Cornwall ;  it  was  first  found  either 
in  Carrarach  mine,  in  the  parish  of  Gwennap,  or  in  Tincroft 
mine,  in  the  parish  of  Allogan.  Its  matrix,  like  that  of  almost 
all  the  copper  ores  of  this  country,  was  siliceous,  and  con- 
sisted of  a  decomposed  granite,  of  which  the  greatest  part  of 
the  feldspar  had  passed  into  the  state  known  by  the  name  of 
Kaolin.  It  was  accompanied  with  grey  vitreous  copper  ore,  fre- 
quently in  considerable  masses ;  also  with  much  black  oxide  of 
copper ;  and  with  various  oxides  of  iron. 

The  arseniate  here  spoken  of,  which  had  never  been  found 
in  large  quantity,  had  ceased  to  exist  in  the  above-mentioned 
mines,  when  Huel  Gorland  mine,  lately  wrought,  began  to 
enrich  mineralogy  with  this  uncommon  substance.  The  ma- 
trix of  this  is  likewise  siliceous ;  sometimes  crystalline ;  and 
sometimes  in  an  amorphous  mass.  Here  and  there  we  find 
mixed  with  it,  in  greater  or  less  profusion,  all  the  known  oxides 
of  copper ;  many  of  the  argillaceous  oxides  of  iron ;  also  grey 
vitreous  copper  ore;  arsenical  pyrites;  and  the  rich  deep- 
coloured  yellow  copper  ore.  This  last  is  often  found  differing 
from  its  usual  appearance,  in  a  manner  which  I  believe  has  not 
hitherto  been  taken  notice  of.  I  think  it  should  make  a  distinct 
variety  among  the  deep  yellow  copper  ores,  under  the  name  of 
yellow  hethatitic  copper  ore. 

When  the  combination  of  copper  with  iron  and  sulphur  is 
rich  in  metal,  (for  when  it  is  poor,  it  is  only  a  martial  pyrites 
mixed  with  a  little  copper,)  its  appropriate  colour,  when  a  piece 
is  fresh  broken,  is  a  deep  yellow ;  and  this  yellow  colour  is  more 
deep,  in  proportion  as  the  quantity  of  copper  is  more  abundant. 
In  its  richest  state,  it  assumes  a  more  or  less  greenish  tint.  The 
surface  of  a  fresh  fracture  is  very  brilliant,  and  appears  rather 
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uneven,  as  if  composed  of  small  laminae,  crossing  one  another 
in  an  irregular  manner.  When  4t  begins  to  decompose,  its  sur- 
face is  covered  with  the  most  beautiful  colours ;  among  which 
the  most  predominant  are,  violet,  blue,  and  green :  this  has 
caused  it  to  be  compared  to  a  pigeon's  breast  When  these 
colours  are  very  deep,  and  occupy  the  whole  surface  of  a  piece, 
we  commonly  perceive  here  and  there,  some  little  points,  in 
the  state  of  red  oxide  of  iron ;  and  others  of  a  green  colour,  in 
the  state  of  green  carbonate  of  copper. 

This  kind  of  copper  ore  is  sometimes  of  a  deep  yellow 
colour,  which  inclines  the  more  to  green,  as  it  is  destitute  of 
brilliancy.  It  is  very  compact,  and,  when  broken,  the  fracture 
appears  smooth,  sometimes  a  little  conchoidal ;  its  surface,  how- 
ever, has  a  very  fine  grain,  which,  when  viewed  with  a  powerful 
lens,  resembles  the  aggregation  of  a  very  close  compact  mass  of 
the  finest  sand.  Its  most  usual  texture  is  that  of  thin  layers  or 
plates,  lying  one  upon  another,  and  being  very  closely  united, 
so  as  to  be  scarcely  perceptible  to  the  naked  eye ;  but  they 
are  very  readily  distinguished  with  the  lens.  These  layers, 
however,  do  not  adhere  very  strongly,  as  they  may  always  be 
separated  by  the  stroke  of  a  hammer. 

This  ore  frequendy  assumes  a  mamillated  form ;  the  ma- 
millae being  of  different  dimensions,  from  the  size  of  a  man's 
head,  and  even  larger,  to  that  of  a  small  pea.  In  the  latter 
case,  the  mamillae  are  very  often  united,  as  in  that  kind  of  iron 
ore  which  is  called  cluster,  botryoid,  or  kidney  hematites.  Some- 
times the  surface  of  the  mamillae  is  covered  with  small  points ; 
but  more  frequently  it  is  smooth,  so  as  very  much  to  resemble 
a  piece  of  polished  metal ;  and,  as  the  surface  of  the  mamillae 
inclines  rather  to  a  brown  colour,  they  have  the  appearance  of 
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antique  bronze.  The  green  oxide  of  copper  which  sometimes 
is  observed  on  it,  completes  the  illusion,  by  assuming  the  aspect 
of  that  fine  patina  which  often  covers  pieces  of  antique  bronze. 

This  ore  is  likewise  found  in  the  form  of  small  cylinders, 
often  placed  one  against  the  other,  and  sometimes  ramified, 
in  the  same  way  as  is  observed  in  some  kinds  of  hematites. 
When  the  broken  surface  of  it  is  exposed  for  some  time  to  the 
air,  it  assumes  the  colour  of  tarnished  gold.  It  acquires  also, 
by  the  decomposition  of  its  surface,  the  same  violet,  blue,  and 
green  colours  as  the  kind  already  described ;  but,  although  these 
colours  are  frequently  very  deep,  they  never  are  so  brilliant  as 
in  that  kind. 

It'  is  very  uncommon  to  find  pieces  of  this  ore  that  are  not 
mixed,  and  frequently  even  penetrated,  with  grey  vitreous  cop- 
per ore.  That  which  accompanies  the  arseniate  of  Huel  Gorland 
mine,  offers,  in  this  respect,  an  uncommon  and  very  particular 
appearance.  The  yellow  ore  is  mechanically  mixed  with  the 
vitreous  ore,  so  as  to  form  a  compound,  in  which,  by  the  as- 
sistance of  a  lens,  the  small  particles  belonging  to  each  of  those 
two  ores,  may  be  very  clearly  distinguished.  The  specific  gra- 
vity, as  well  as  the  quantity  of  copper,  in  this  ore,  varies  con- 
siderably, according  to  the  proportions  in  which  the  yellow 
copper  ore  and  grey  vitreous  copper  ore  are  mixed  together ; 
sometimes  they  seem  to  be  mixed  in  equal  proportions,  or 
nearly  so., 

Nature  has  established  very  remarkable  differences  between 
the  arseniates  of  copper ;  and  these  take  place  not  only  in  their 
forms,  but  likewise  in  their  hardness  and  specific  gravity.  These 
differences  arise,  either  from  the  manner  in  which  the  arsenic 
acid  is  combined  with  the  copper,  or  from  the  different  proportions 
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in  which  these  two  substances  are  combined.  I  have  been  na- 
turally led  to  follow  the  same  order,  and  to  divide  the  arseniates 
of  copper  into  four  different  species :  and  the  very  interesting 
analysis  of  this  substance,  made  by  Mr.  Chenevix,  has  afforded 
me  the  most  satisfactory  sanction  to  this  division.  It  is  thus 
that  the  chemist  and  the  naturalist,  by  freely  uniting  their 
labours,  without  jealousy  or  prejudice,  ought  in  all  cases  to 
proceed,  in  order  to  attain  that  certainty  which  is  the  desirable 
recompense  of  their  endeavours. 

First  Species.    Arseniate  of  Copper  in  the  form  of  an  obtuse 

octaedron. 

The  most  simple  form  under  which  this  species  appears,  is  a 
very  obtuse  octaedron,  formed  by  the  united  bases  of  two  tetrae- 
dral  pyramids,  with  isosceles  triangular  planes ;  and  this  ap- 
pears to  be  its  original  form.  This  octaedron  has,  in  each  of 
its  pyramids,  two  opposite  planes  more  inclined  than  the  other 
two;  which  gives  a  parallelogrammic  form  to  their  common  base. 
(Fig.  1.  Plate  XIII.)  The  two  planes  more  inclined  than  the 
others,  meet  at  the  apex  of  each  of  the  pyramids,  in  an  angle 
of  130* ;  and  at  the  common  base,  in  one  of  500.  The  two 
planes  which  are  less  inclined,  meet  at  the  apex,  in  an  angle  of 
1150;  and  at  the  base,  in  one  of  6$\ 

These  planes  are  commonly  smooth  and  bright ;  sometimes, 
however,  they  are  striated,  in  a  direction  parallel  to  their  edges. 

The  four  planes  seldom  terminate  in  one  and  the  same  point : 
more  commonly  the  apex  is  formed  into  a  ridge,  the  octaedron 
being  lengthened,  parallel  to  its  less  inclined  planes ;  the  base  is 
then  a  square,  or  at  least  approaches  very  nearly  to  that  form. 
(Fig.  a.) 
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These  two  varieties  are  the  only  ones  I  have  observed  in  the 
form  of  the  crystals  of  this  species,  although  I  have  had  the 
opportunity  of  examining  a  great  number  of  specimens. 

This  arseniate  is  very  light;  its  average  specific  gravity, 
taken  on  six  pieces  perfectly  pure,  was  2,881.  Its  hardness  is 
likewise  very  inconsiderable ;  it  easily  scratches  calcareous  spar, 
but  makes  no  impression  on  fluor  spar- 
It  is  seldom  perfectly  transparent ;  but  has  generally  a  cloudy 
aspect. 

The  usual  colour  of  this  species  (for  this  character  is  as  essen- 
tial in  metallic  substances  as  it  is  immaterial  in  stones)  is  a 
beautiful  deep  sky-blue  ;  sometimes,  but  very  rarely,  it  inclines 
more  or  less  to  Prussian  blue.  It  is  frequently  of  a  very  fine 
grass-green ;  the  crystals  have  then  a  much  more  beautiful 
transparency.  I  have  seen  some  which  were  of  a  fine  apple- 
green  ;  others  white,  having  a  slight  blue  cast.  In  one  piece, 
the  crystals  of  which  were  of  a  green  colour,  and  less  transpa- 
rent than  they  commonly  are,  I  discovered,  on  breaking  them, 
that  the  colour  of  their  central  part,  for  about  half  their  thick- 
ness, was  blue.  From  the  observations  made  by  Mr.  Che- 
nf.vix,  in  Ii is  analysis  of  these  arseniates,  it  appears  that  the 
variation  in  their  colour,  principally  depends  on  the  quan- 
tity of  water,  which  enters  as  a  constituent  part  into  their 
formation.  ? 

This  species  is  found  mixed  with  all  the  other  kinds  of  arse- 
nical copper  ore ;  but  that  which  most  commonly  accompanies 
it,  is  the  prismatic  triedral  species.  i .'■  ■' V* 

I  have  never  discovered  in  this  species,  any  thing  which 
could  induce  me  to  suppose  it  susceptible  of  decomposition,  or 
even  of  change. 
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Second  Species.   Arseniate  of  Copper  in  bexaedral  lamina, 

with  inclined  sides. 

This  species  is  commonly  found  in  very  fine  hexaedral  lami- 
nae. The  six  narrow  sides  of  these  laminae  have  an  inclined  posi- 
tion, alternately  in  a  contrary  direction,  on  the  two  broad  planes, 
in  such  a  manner  that  each  of  the  planes  is  encompassed  by  tliree 
sides,  which  are  inclined  upon  it.  ( Fig.  3. )  As  far  as  the  small 
size,  and  more  particularly  the  thinness  of  these  crystals,  has 
enabled  me  to  judge,  two  of  these  three  inclined  sides,  form 
an  angle  of  about  135*  with  the  broad  planes  on  which  they 
incline ;  and  the  third,  one  of  1150. 

The  two  broad  planes  are  smooth,  and  have  a  very  brilliant 
lustre.  The  six  narrow  sides  are  rendered  very  dull,  by  the  great 
number  of  striae  with  which  they  are  covered ;  most  of  which  are 
very  prominent,  and  all  are  parallel  to  the  edges  of  the  broad " 
planes.  In  consequence  of  this,  these  crystals  may  be  divided, 
parallel  to  the  planes,  almost  as  easily  as  crystals  of  mica. 

This  structure  prevents  the  crystal  from  being  considered  as 
a  modification  of  the  octaedron :  that  which  would  be  produced 
by  an  increase  of  the  inclined  sides,  would  only  be  a  secondary 
crystal ;  and  none  of  the  specimens  I  have  seen,  give  mereasbn 
to  suppose  the  existence  of  such  a  variety. 

The  colour  of  this  species  is  a  fine  deep  emerald  green ;  some- 
times, though  rarely,  it  is  found  of  a  lighter  colour.  The  lustre 
of  its  broad  planes,  which  are  the  only  parts  of  the  crystal  that 
forcibly  strike  the  eye,  give  it  pretty  much  the  appearance  of  those 
coloured  metal  plates  which  are  known  by  the  name  of  foil. 

This  species  is  still  less  heavy  than  the  preceding;  its  spe- 
cific gravity  being  only  8,548. 


Digitized  by  Google 


the  Arseniates  of  Copper,  and  of  Iron.  1 77 

It  is  also  less  hard ;  it  easily  scratches  gypsum,  but  not  cal- 
careous spar. 

When  its  crystals  are  very  thin,  they  are  very  transparent ; 
but  their  transparency  is  diminished  when  they  have  any  degree 
of  thickness. 

When  exposed  to  fire,  this  species  decrepitates  very  strongly. 

This  arseniate,  the  matrix  of  which  is  generally  quartzous, 
is  occasionally  found  mixed  with  some  other  arseniates  of  cop- 
per, and  particularly  with  the  acute  octaedron  in  the  capillary 
or  fibrous  state.  (Spec.  3.  Var.  1  and  2.)  Rut  the  ore  most 
commonly  found  with  it,  is  the  red  copper  ore,  which  is  fre- 
quently very  abundant. 

I  have  never  observed  in  this  species  any  appearance  of 
decomposition. 

Tuird  Species.    Arseniate  of  Copper  in  the  form  of  an  acute 

octacdron. 

The  most  simple  form  in  which  this  third  species  is  found, 
is  likewise  an  octaedron  ;  but  this  octaedron,  instead  of  being 
obtuse,  like  that  of  the  first  species,  is  slightly  acute.  It  has, 
like  that,  in  each  of  its  pyramids,  two  opposite  planes  more 
inclined  than  the  other  two.  The  more  inclined  planes  meet 
at  the  apex,  in  an  angle  of  840;  and  at  the  base,  in  one  of  #6° : 
the  other  two  meet  at  the  apex,  in  an  angle  of  68" ;  and  at  the 
base,  in  one  of  no.0  (Fig.  4.) 

In  this  octaedron  it  sometimes  happens,  that  the  planes  which 
compose  its  pyramids  tend  to  one  and  the  same  point,  in  order 
to  form  the  apex;  but  it  is  much  more  common  to  find  it 
extended  in  a  line  parallel  to  the  less  inclined  planes  of  the 
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pyramid.  (Fig.  5.)  The  crystal  is  still  more  frequently  found 
in  the  form  of  a  long  tetraedral  rhomboidal  prism,  of  840  and 
g6°,  terminated  by  a  diedral  apex,  with  isosceles  triangular 
planes,  which  are  placed  on  the  angles  of  840,  and  meet  in  an 
angle  of  11s0.  (Fig.  6.) 

Most  commonly,  both  in  the  perfect  and  the  lengthened 
octaedron,  the  angles  of  $6°  are  replaced  by  a  plane,  which  is 
equally  inclined  on  the  adjacent  sides,  (Fig.  7.)  and  is  fre- 
quently very  broad :  (Fig.  8.)  then  the  tetraedral  prism  of  840 
and  960,  is  changed  into  a  flat  hexaedral  prism,  having  two 
angles  of  840,  and  the  other  four  of  138°.  I  never  saw  the 
angles  of  840  replaced. 

The  average  specific  gravity  of  this  arseniate  of  copper,  taken 
on  five  pure  pieces,  was  4,280. 

It  is  sufficiently  hard  to  scratch  fluor  spar ;  but  is  not  hard 
enough  to  scratch  glass. 

Its  usual  colour  is  a  brown,  or  bottle  green,  so  dark  that  the 
crystals  appear  of  a  blackish  colour,  when  they  are  not  opposed 
to  the  light ;  sometimes,  but  very  seldom,  in  the  regular  crys- 
tals which  happen  to  be  rather  thicker,  this  colour  is  a  clearer 
green ;  in  other  specimens,  the  crystals  have  a  yellowish  cast, 
and  the  surface  then  often  reflects  the  light  of  a  golden 
tjnt. 

The  transparency  of  this  species  is  generally  pretty  great. 

It  is  not  always  crystallized  in  a  determinate  form,  but  is  an 
absolute  Proteus,  both  with  respect  to  the  different  forms  in 
which  it  appears,  and  the  various  colours  it  exhibits.  I  have 
observed  the  five  following  varieties  of  it. 

•  •  ... 
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Variety  1.   Capillary,  of  a  determinate  form. 

In  this  variety,  the  crystals  are  extremely  slender,  yet  pre- 
serve their  form,  which  is  that  of  a  very  lengthened  octaedron. 
The  small  slender  crystals  often  form  themselves  into  a  con- 
fused group ;  sometimes,  however,  they  form  small  mamillae, 
by  the  divergence  of  a  number  of  them  from  a  common  centre. 
Their  colour  is  either  a  fine  grass  green,  or  a  yellowish  green, 
or  a  golden  yellow ;  and  they  have  generally  a  beautiful  trans- 
parency. 

Variety  2.    Capillary,  of  an  indeterminate  form. 

In  this  variety,  the  very  thin  needle-like  crystals  are  not  ter«* 
minated  by  the  diedral  apex  of  112°,  representing  two  planes 
of  the  octaedron,  but  gradually  become  smaller,  and  termi- 
nate in  a  very  sharp  pyramid.  This  variety  has  the  same 
colours  as  the  preceding ;  and  its  very  slender  crystals  are 
grouped  in  the  same  manner  as  in  that. 

Substances  in  a  crystallized  state,  in  passing  from  a  determi- 
nate form  to  an  indeterminate  or  fibrous  one,  frequently  assume 
an  intermediate  form,  in  which  the  crystal  insensibly  terminates 
*    in  a  very  acute  pyramid. 

* 

Variety  3.  In  crystals  perfectly  regular  for  a  part  of  their  length, 

and  fibrous  at  their  extremity. 

In  this  variety,  the  crystals  are  perfect  during  a  part  of  their 
length ;  but  their  substance  insensibly  divides  as  it  approaches 
the  extremity,  which  very  often  is  in  fact  nothing  but  a  cluster 
of  extremely  delicate  fibres,  the  colour  of  which  always  appears 
lighter  than  that  of  the  solid  part  of  the  crystal. 
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Variety  4.  Amiantbiform. 

This  variety  is  composed  of  fibres  as  delicate  as  those  of  ami- 
anthus, of  the  flexibility  of  which  they  frequently  possess  a 
certain  degree.  These  fibres  are  either  parallel,  or  divergent 
from  one  common  centre,  in  which  case  they  nearly  resemble 
a  hair  pencil.  Their  colour  varies  considerably :  I  have  seen 
them  of  different  shades  of  green,  from  a  grass  green  to  a  dark 
brown  green,  of  a  golden  brown,  of  a  straw  colour,  of  a  golden 
yellow,  of  a  greenish  blue  colour,  and  even  perfectly  white, 
having  frequently  the  lustre  of  satin. 

The  fibres  are  sometimes  so  delicate,  so  short,  and  so  con- 
fusedly grouped  together,  that  the  whole  appears  like  a  dusty 
cottony  mass,  the  true  nature  of  which  is  discoverable  only  by 
the  lens.  At  other  times,  this  variety  appears  in  small  thin  la- 
minae, rather  flexible,  sometimes  scarcely  perceptible  to  the 
naked  eye,  sometimes  tolerably  large,  and  perfectly  like  am/- 
antbus  papyraceus.  I  have  seen  the  last  mentioned  form  of 
this  variety,  of  a  light  green  colour,  and  also  of  a  very  delicate 
white. 

Variety  5.  Hematitiform. 

This  variety  is  in  layers,  either  flat  or  mamillated ;  and  is  of 
a  fibrous  texture ;  but  is  rendered  compact  by  the  close  manner 
in  which  the  fibres  are  united  to  each  other,  in  the  same  way 
as  is  observed  in  many  martial  hematites,  and  more  particularly 
in  that  kind  of  tin  ore  which  is  known  by  the  name  of  wood- 
tin,  to  which,  some  pieces  of  this  arseniate  of  copper  have  a 
very  great  resemblance.  Yet  it  sometimes  happens,  as  in  many 
aggregate  pyrites  of  a  globular  form,  that  the  surface  of  the 
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small  mamillae  is  covered  with  little  rough  points :  these  are  the 
diedral  apices,  which  terminate  the  little  crystals  supposed  to 
contribute  to  their  formation. 

This  hematitic  variety  is  found  with  the  same  diversity  of 
colours  as  the  preceding,  or  amianthiform  variety. 

Fourth  Species.  Arseniate  of  Copper  in  the  form  of  a  triedral 

prism. 

The  primitive  form  of  this  species  is  a  triedral  prism,  the  bases 
of  which  are  equilateral  triangles;  (Fig.  9.  PlateXIV.)  this  prism 
is  often  considerably  lengthened,  in  a  direction  parallel  to  one 
of  its  bases.  (Fig.  10.)  This  form  is  one  of  the  most  rare  in 
crystallography.  The  crystals  have  all  their  sides  smooth  and 
brilliant ;  yet  there  are  observable  in  some  of  them,  when  exa- 
mined with  a  magnifying  glass,  transverse  striae  on  the  sides 
of  the  prism,  all  of  which  are  parallel  to  the  edges  of  the  bases. 
It  is,  therefore,  chiefly  on  the  planes  of  the  bases,  that  the 
crystalline  laminae  appear  laid  upon  one  another,  to  produce 
either  the  increase  or  the  modification  of  the  primitive  crystal. 

As  the  crystals  of  this  species  are  seldom  sufficiently  detached 
to  be  easily  perceived,  and  indeed  are  very  frequently  so  small 
as  to  escape  the  observation  of  the  naked  eye,  I  think  it  neces- 
sary to  describe  here  all  the  various  forms  in  which  I  have  seen 
them,  with  the  progress  observed  in  their  passage  from  one  form 
to  the  other,  however  small  the  difference  between  these  forms 
may  appear.  Such  a  description  wiil  lead  to  a  better  know- 
ledge, not  only  of  the  primitive  crystal  itself,  but  also  of  those 
forms  of  it  which  seem  to  be  the  most  distant  from  its  ori- 
ginal one. 
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Very  frequently,  the  triedral  prism  passes  to  a  tetraedral 
•  modification,  by  the  simple  replacing  of  one  of  its  edges  by  a 
plane,  equally  inclined  on  the  adjacent  ones.  This  plane  is 
either  very  narrow,  ( Fig.  1 1 . )  or  of  a  more  considerable  width. 
(Fig.  12.)  Sometimes  the  width  of  the  plane  is  such,  that  it 
reduces  the  primitive  adjacent  planes  to  extreme  narrowness. 
(Fig.  13.)  In  this  last  case,  the  crystal  appears  under  the  form 
of  a  rectangular  plate  or  lamina,  having  two  of  its  narrow 
opposite  sides  or  planes  inclined,  in  one  and  the  same  direction, 
on  one  of  the  two  broad  planes.  It  sometimes  happens,  in  this 
variety,  that  the  two  broad  opposite  planes  approach  more  or 
less  to  a  square  form.  (Fig.  14. )  I  have  also  seen  some  crys- 
tals, in  which  the  two  other  edges  of  the  prism  seemed  to  have 
likewise  very  slight  secondary  planes ;  but,  when  that  hap- 
pens, they  are  always  very  narrow,  especially  when  compared 
with  the  secondary  plane  of  the  third  edge.  This  modification, 
in  its  various  forms,  is  the  most  common  one  of  this  species. 

Sometimes  one  of  the  solid  angles  of  the  triedral  prism  is 
replaced,  on  one  side  only,  by  a  plane  that  is  much  inclined  to 
the  edge  of  the  prism  on  which  it  is  situated ;  but  the  crystals 
are  always  too  small  to  admit  of  being  measured  with  precision. 
(Fig.  15.)  This  plane,  assuming  a  more  considerable  ex- 
tent, replaces  the  same  edge  of  the  prism  by  another  plane, 
much  broader  at  one  extremity  than  the  other,  as  is  shewn  by 
the  lines  of  large  dots  in  the  same  Figure.  Sometimes  it 
has  a  very  considerable  extent,  as  is  represented  in  Fig.  16. 
It  then  reduces  one  of  the  bases  of  the  triedral  prism  to  the 
form  of  a  very  narrow  trapezium,  while  that  of  the  opposite  base 
remains  very  broad.  By  a  still  more  considerable  increase,  the 
plane  of  this  base  totally  disappears ;  and  the  crystal  is  termi- 
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nated,  at  that  extremity,  by  a  ridge.  (Fig.  17.)  In  this  variety, 
the  crystal  is  often  seen  placed  upon  one  of  its  scalene  triangular 
sides,  and  then  presents  the  other  at  its  upper  extremity  ;  an  ap- 
pearance which  is  apt  to  puzzle  the  observer,  particularly  when 
he  perceives,  among  the  triangular  sides  which  most  generally 
terminate  the  crystals,  nothing  but  equilateral  triangles.  This 
modification,  in  all  its  forms,  is  much  less  common  than  the 
preceding  one ;  it  is,  however,  occasionally  met  with. 

The  modification  which  we  have  just  seen  the  primitive  crys- 
tal assume  at  one  of  its  solid  angles,  and  only  on  one  side, 
sometimes  takes  place  also,  (only  on  one  side,)  at  its  two  other 
angles.  Then,  if  the  act  of  crystallization  has  continued  so 
long,  under  the  same  mode  of  increase,  that  the  new  edges, 
as  A  B,  (Fig.  15,)  produced  by  the  replacing  of  the  solid 
angles,  unite  together,  and  give  birth  to  a  new  equilateral  tri- 
angle, placed  in  a  direction  contrary  to  the  primitive  one ;  and 
if,  at  the  same  time,  the  crystal  has  such  a  length  that  the 
secondary  planes  terminate  at  the  opposite  base,  and  are  very 
acute  isosceles  triangles,  the  crystal  will  present  the  appear- 
ance of  a  kind  of  truncated  hexaedrai  pyramid,  the  base  and 
apex  of  which  will  be  equilateral  triangles.  (Fig.  18.)  The  six 
triangular  planes  which  compose  the  pyramid  of  this  crystal,  are 
always  acute  isosceles  triangles ;  but  three  of  them  have  their 
acute  angle  much  smaller  than  the  three  others.  The  sides 
of  the  base  of  this  kind  of  pyramid  are  opposite  to  the  least 
acute  angles ;  and  its  truncated  apex  is  opposite  to  the  most 
acute  ones ;  the  triangular  planes  being  placed  alternately  in 
an  opposite  direction.  I  have  seen  several  instances  of  this 
form;  but  I  never  saw  such  intermediate  varieties  as  the 
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secondary  plane,  represented  by  the  dotted  lines  in  Fig.  15, 
would  give,  if  it  existed  at  the  same  time  in  the  three  angles. 

By  a  longer  duration  of  the  act  of  crystallization,  under 
the  same  modification,  the  plane  corresponding  to  the  trun- 
cated apex  of  the  pyramid  (Fig.  18.)  becomes  progressively 
smaller;  the  most  acute  isosceles  triangular  planes,  which 
answer  to  the  secondary  ones,  encroach  on  the  least  acute,  all 
which  are  the  primitive  planes  of  the  crystal,  and  the  pyramid 
becomes  truly  tricdral  at  its  upper  extremity,  whilst  it  remains 
hexaedral  at  the  base,  on  account  of  those  parts  of  the  three 
planes  of  the  primitive  crystal  which  are  still  preserved. 
(Fig.  19.) 

By  a  still  more  considerable  duration  of  the  act  of  crystal- 
lization, the  pyramid  would  become  completely  triedral,  and 
would  not  be  truncated  at  its  apex  I  have  never  met  with  this 
modification  so  complete ;  but  I  have  seen  the  variety  repre- 
sented in  Fig.  19,  which  however,  as  well  as  Fig.  18,  is  very 
uncommon.  .  no^OH 

The  triedral  prism  is  subject  to  a  fourth  modification,  which 
takes  place  at  the  three  edges  of  one  of  its  two  bases  or  ter- 
minal surfaces  only,  and  replaces  each  of  those  edges  by  a 
plane,  much  more  inclined  on  the  side  of  the  prism  on  which  it 
is  placed,  than  on  the  terminal  surface.  (Fig.  20.)  I  have  not 
been  able  to  determine,  in  these  crystals,  the  angles  formed  by 
these  new  planes,  either  with  the  sides  of  the  prism,  or  with  the 
terminal  surfaces  ;  but  the  varieties  belonging  to  this  modifica- 
tion, demonstrate  that  these  angles  are  the  same  as  those  which 
the  secondary  planes  of  the  solid  angles  make,  either  with  the 
terminal  surfaces,  or  with  the  edges  of  the  prism  on  wluch 
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they  are  inclined.  When  these  new  planes  have  acquired  an 
increase  of  sufficient  extent  to  make  the  primitive  planes  of 
the  prism  totally  disappear,  and  to  replace  them,  the  crystal  is 

changed  to  a  triedral  pyramid  with  a  truncated  apex ;  the  base 
and  truncated  apex  of  which  are  equilateral  triangles.  (Fig.  21.) 
When  it  happens  that  the  crystal  has,  at  the  same  time,  gone 
through  this  modification  and  that  which  replaces  the  solid 
angles  of  its  other  extremity,  and  these  two  modifications 
have  commenced  at  the  very  origin  of  the  formation  of  the 
crystal,  there  is  a  particular  period  of  its  progress,  in  which  the 
crystal  is  lengthened  into  a  hexaedral  prism,  with  acute  trian- 
gular isosceles  planes,  having  for  their  bases  two  equilateral 
triangular  planes,  perfectly  equal.  (Fig.  22.)  After  this  period, 
if  the  act  of  crystallization  continues,  the  crystal  assumes  the 
appearance  of  an  extremely  acute  rhomboid,  the  acute  solid 
angles  of  which  are  replaced,  more  or  less  completely,  by  an 
equilateral  triangular  plane;  (Fig.  23,)  and  finishes  at  last  by 
taking  the  form  of  a  perfect  rhomboid.   (Fig.  24.) 

All  these  varieties,  though  less  common  than  those  of  the 
first  modification,  are  yet  frequently  to  be  met  with,  except- 
ing that  of  Fig.  22,  which  is  extremely  rare,  and  of  which  I 
have  seen  only  two  or  three  crystals ;  in  general,  however, 
the  crystals  of  these  varieties  are  very  small,  and  their  form 
cannot  be  well  seen  without  the  assistance  of  a  magnifying 
glass. 

It  frequently  happens,  that  two  of  the  elongated  triedral  prisms 
(Fig.  10,)  are  closely  united  to  each  other,  by  one  of  the  sides 
of  the  prism;  whence  results  a  kind  of  made,  (Fig.  25,)  the 
form  of  which  is  a  rhomboidal  tetraedral  prism,  of  6o°  and 
1200;  but  there  is  always  discernible,  on  the  terminal  sur- 
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faces  of  these  prisms,  a  very  fine  transverse  line,  AB,  on  the 
small  diagonal  of  the  rhomboidal  plane  of  these  surfaces  ;  this 

* 

line  shews  the  place  of  union  of  the  two  crystals  of  which  the 
made  consists. 

Sometimes,  the  two  component  crystals  of  this  kind  of 
made,  belong  to  the  triedral  prism  vyhich  has  a  secondary  plane 
in  the  place  of  one  of  its  edges ;  it  then  has  the  form,  either  of 
a  hexaedral  prism,  that  has  four  of  its  sides  (two  and  two  in 
opposition)  broader  than  the  others,  (Fig.  .26,)  or  of  one  that 
has  only  two  opposite  sides  broader,  (Fig  27,)  or  of  a  regular 
one,  according  to  the  width  of  the  secondary  planes :  in  all 
these  forms,  the  line  A  B,  indicating  the  place  of  union  of  the 
two  crystals,  is  perceptible. 

1  -  a  ,  >  m. 

It  is  not  very  common,  as  I  have  already  observed,  to  meet 
with  specimens  of  this  species,  in  which  the  crystals  are  suffi- 
ciently detached  to  let  their  form  be  distinctly  seen.  In  general, 
the  crystals  are  grouped  together  in  great,  numbers,  and  seem 
to  penetrate  each  other,  so  as  to  form  mamill*,  more  or 
less  round ;  or  they  form  a  kind  of  indented  cylinders,  which 
have  some  resemblance  to  the  trundle  of  a  mill.  In  that  case, 
the  part  of  the  crystals  which  appears  at  the  surface  of  these 
aggregations,  commonly  belongs  to  one  of  the  sides  of  their 
prism,  either  the  broad  or  the  narrow  one.  But,  when  these 
aggregations  form  either  a  kind  of  cylinders,  or  of  mamillae  in 
clusters  diverging  like  a  fan,  there  may  be  seen,  at  the  two 
edges  of  the  cylinder,  or  at  the  summit  of  the  clusters,  the 
whole  of  the  equilateral  triangular  terminal  planes,  or  trapezia, 
of  one  part  of  the  component  crystals. 

The  specific  gravity  of  this  species  of  arseniate  of  copper,  is 
nearly  the  same  as  that  of  the  preceding  one;  I  found  it  to  be 
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4,280.  Its  hardness,  however,  is  not  so  great;  it  is  with 
difficulty  that  it  can  be  made. to  scratch  calcareous  spar. 

The  crystals  of  this  species,  when  they  have  not  undergone 
any  change,  are  transparent,  and  of  a  very  beautiful  bluish 
green  colour,  or  deep  verdigrise;  but  their  surface  easily 
becomes  decomposed,  arid  turns  black ;  the  crystals  are  then 
totally  opaque.  It  is  indeed  -very  seldom,  and  only  in  cavities 
recently  exposed,  that  crystals  can  be  found  which  retain  their 
transparency  and  colour.  Yet,  as  the  change  they  undergo 
commonly  takes  place  only  at  the  surface,  rarely  penetrating 
to  any  great  depth,  their  original  colour  may  easily  be  re- 
stored, merely  by  slightly  scraping  the  surface  with  a  sharp 
instrument.  •'•  '■'  i" 

The  above  is  the  only  change  I  have  had  occasion  to  remark 
in  this  species.  J 

Sometimes,  but  very  rarely*  this  species  is  found  in  the  form 
of  small  hair  pencils,  with  very  delicate  fibres;  and  as,  in  the  spe- 
cimens in  which  t  observed  this  variety,  the  little  fibrous  tuft 
had  preserved  its  beautiful  verdigrise  colour,  nothing  could 
exceed  the  beauty  of J  their  appearance. 

I  have  likewise  observed  this  species  in  a  . mamillary  form, 
with  a  compact  texture;  but  this  variety,  like  the  preceding,  is 
extremely  rare. 

The  matrix  of  this  arseniate  of  copper  is  the  same  as  that 
of  all  the  preceding  species ;  and  that  species  which  is  most 
'frequently  found  with  it,  is  the  arseniate  in*  obtuse  octaedra. 
It  is  also  frequently  Accompanied  with  that  kind  of  ore  which 
is  known  by  the  name  of  azure  copper  ore. 

*  * 

Bb  3 
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SECTION  II. 

ARSENIATES  OP  IRON. 

Muttrell  mine,  which  is  immediately  contiguous  to  Huel 
Gorland  mine,  in  the  county  of  Cornwall,  has  produced  some 
specimens  of  arseniates  of  copper,  exactly  similar  to  those  de- 
scribed in  the  former  part  of  this  Paper.  But  this  mine  is  still 
more  interesting  to  mineralogists,  on  account  of  a  combination 
found  therein,  of  arsenic  acid  with  iron,  and  also  a  double  com- 
bination of  that  acid  with  both  iron  and  copper. 

The  first  mentioned  of  these  arseniates  seems  analogous  to  those 
crystals,  or  cubes,  of  a  fine  green  colour,  of  which  some  spe- 
cimens had  already  been  found  in  CarraracH  and  Tincroft  mines, 
and  which  Klaproth,  in  his  Memoir  upon  the  Mineralogy  of 
Cornwall,  considered  as  belonging  to  the  arseniates  of  copper ; 
but,  according  to  the  analysis  made  by  Mr.  Chenevix,  with 
all  the  care  which  his  extensive  knowledge  and  extreme  zeal 
for  science  would  naturally  lead  him  to  employ,  it  appears  to 
be  a  true  arseniate  of  iron,  containing  only  a  small  quantity 
of  copper ;  and  even  that  quantity  seems  to  be  merely  an  acci- 
dental mixture.    As,  in  the  specimens  from  the  old  mines  of 
Tincroft  and  Carrarach,  the  greatest  part  of  the  crystals  ad- 
hered to  vitreous  grey  copper  ore,  it  is  possible  that  some  par- 
ticles of  that  ore  remained  attached  to  the  crystals ;  or,  as  I 
have  frequently  found  to  be  the  case,  that  some  such  particles 
had  penetrated  into  the  crystals,  and  that  Mr.  Klaproth  had 
been  thereby  deceived,  by  finding  in  the  button  left  by  the 
blow- pipe,  a  much  greater  proportion  of  copper  than  this  ore 
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really  contains.  The  natural  decomposition  of  this  arseniate, 
which  produces  an  oxide  of  iron  of  a  fine  reddish  yellow 


tals  could  not  belong  to  the  substance  which,  in  mineralogical 
publications,  had  been  called  arsenical  copper  ore.  He  had, 
consequently  separated  them,  leaving  them,  however,  among 
the  ores  of  copper,  under  the  name  of  wurfel  ertx. 

The  double  combination  of  the  arsenic  acid  with  iron  and 
copper,  although  it  had  appeared  to  exist  in  the  arseniate  just 
spoken  of,  in  the  mines  of  Tincroft  and  Carrarach,  had  not 
excited  the  attention  of  mineralogists.  It  is  however  possible, 
that  the  transparency,  the  brilliancy,  and  the  pale  blue  colour 
of  its  crystals,  might  occasion  them  to  be  mistaken  for  crystals 
of  a  stony  nature.  Besides,  their  smallness  might  easily  cause 
them  to  escape  the  notice  of  common  observation,  particularly 
when  they  are  not  in  pretty  large  groups. 

The  matrix  of  these  two  arseniates  is  exactly  the  same  as 
that  of  the  arseniates  of  copper;  consisting,  like  that,  of  quartz, 
mixed  with  yellow,  grey,  and  vitreous  ores  of  copper,  with 
oxides  of  iron,  and  with  mispickel.  The  mines  of  Huel  Gor- 
land  and  Muttrell,  although  not  situated  in  the  district  of  the 
tin  mines,  have  yet  produced  some  specimens  of  tin,  the  crys- 
tals of  which  are  covered  with  those  of  the  arseniate  here 
spoken  of.  Two  specimens  of  this  kind  are  in  the  collection 
of  Sir  John  St.  Aubyn. 
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Species  I.  Simple  Arseniate  of  Iron. 

This  species  crystallizes  in  perfect  cubes;  (Fig.  28.  PlateXV.) 
sometimes,  though  rarely,  they  are  a  little  flattened ;  their  sides 
are  smooth  and  brilliant. 

The  only  modification  I  have  observed  in  this  form  is,  that 
four  of  the  eight  solid  angles  of  the  cube  are  replaced  by  an 
equal  number  of  equilateral  triangular  planes,  situated  in  such 
a  manner,  that  every  one  of  the  sides  of  the  cube  becomes  an. 
elongated  hexagon,  having  two  angles  of  90°  each,  and  four 
of  1350.  (Fig.  29.)  Crystals  modified  in  this  way  are  very 
scarce.  I  have  never  seen  but  one  such  specimen,  which  is  in 
the  collection  of  Sir  John  St.  Aubyn.  The  crystals  of  it  are 
pretty  large,  and  very  well  defined. 

The  specific  gravity  of  this  species  is  3,000.  Its  hardness 
is  just  sufficient  to  scratch  calcareous  spar.  Its  crystals,  which 
are  tolerably  transparent,  are  of  a  dark  green  colour,  with  a 
brownish  tinge;  sometimes  they  are  rather  yellowish;  and 
there  exist  some  specimens  of  a  brown  yellow  colour,  like  resin. 
I  have  never  seen  this  species  in  any  other  state  than  that  of 
perfect  crystallization. 

Sometimes  indeed  a  decomposition  takes  place,  which  causes 
the  crystals  to  pass  into  the  state  of  a  pulverulent  oxide,  of  a 
fine  reddish  yellow  colour.  In  this  case,  as  the  bulk  of  the 
crystals  is  considerably  diminished,  there  is  perceived,  upon 
breaking  them,  a  considerable  number  of  small  cavities  in  their 
Substance.  These  cavities  are  analogous  to  those  which  appear 
in  the  crystals  of  the  spathose  ores  of  iron,  when  they  have 
passed  into  a  similar  state  of  decomposition. 
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Species  II.    Cupreous  Arseniate  of  Iron. 

The  crystals  of  this  species  are  of  uncommon  brilliancy,  and 
are  perfectly  transparent.  Their  form  is  a  rhomboidal  tetra- 
edral  prism,  having  two  of  its  edges  very  obtuse,  and  the  other 
two  very  acute :  but,  owing  to  the  minute  size  of  these  crystals, 
I  have  not  yet  been  able  to  determine  the  measure  of  their 
angles.  The  prism  is  terminated,  at  each  of  its  extremities,  by  a 
tetraedral  pyramid,  which  is  pretty  sharp ;  and  its  planes,  which 
are  scalene  triangles,  unite  by  pairs,  forming  elongated  ridges, 
which  join  the  acute  edges  of  the  prism :  in  the  other  direction, 
they  unite,  also  by  pairs,  so  as  to  form  a  ridge  which  is  less 
elongated,  and  joins  the  obtuse  edges.  Very  often,  the  obtuse 
edges  of  the  prism  are  replaced  by  planes  (of  greater  or  less 
extent)  equally  inclined  upon  the  adjacent  ones.  (Fig.  31.) 
Sometimes  the  acute  edges  are  also  replaced  in  the  same  man- 
ner, but  always  by  planes  of  less  extent.  (Fig.  32.) 

The  above  are  the  only  varieties  I  have  observed  of  this 
arseniate.  Its  crystals  seldom  occur  singly,  being  generally 
grouped  together,  in  a  very  irregular  manner;  sometimes,  how- 
ever, they  are  so  united  as  to  assume  a  mamillated  form, 
having  the  pyramids  of  the  crystals  which  compose  the  mamilla? 
all  placed  upon  the  surface  thereof. 

The  specific  gravity  of  this  arseniate  is  3,4,00. 

Its  hardness  is  rather  greater  than  that  of  the  simple  arse- 
niate of  iron  :  it  scratches  calcareous  spar  with  greater  facility, 
but  docs  not  scratch  fluor  spar,  or  heavy  spar. 
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Its  colour  is  that  of  a  very  faint  sky-blue ;  sometimes  the  blue 
colour  is  a  little  deeper.  I  have  seen  some  crystals  which  had 
the  same  brown  resin  colour  as  the  preceding  species ;  but  they 
are  very  rare. 

Hitherto,  I  have  never  met  wkh  this  species  in  any  other 
form  than  that  of  a  perfect  crystal. 
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XI.  Analysis  of  the  Arsenates  of  Copper,  and  of  Iron,  described  in 
the  preceding  Paper ;  likewise  an  Analysis  of  the  red  octaedral 
Copper  Ore  of  Cornwall ;  with  Remarks  on  some  particular 
Modes  of  Analysis,  By  Richard  Chenevix,  Esq.  M.  R.  I.  A, 
Communicated  by  the  Right  Hon,  Sir  Joseph  Banks,  Bart, 
K.  B,  P.  R.  S, 

* 

Read  March  5,  1801. 
SECTION  I. 

ARSENIATES  OF  COPPER. 

The  endless  diversity  which  the  hand  of  Nature  has  diffused 
through  all  her  works,  even  when  she  makes  use  of  the  same 
primitive  materials,  must  sufficiently  convince  us,  that,  whatever 
accuracy  we  may  attain  in  the  knowledge  of  the  latter,  the 
means  which  she  employs  to  form  her  combinations  are  still 
secret.  The  intellectual  eye  may  indulge  in  the  contemplation 
of  hypothetic  systems,  which  itself  has  created,  and  which  it 
alone  can  behold ;  but,  how  far  removed  must  they  ever  be 
from  truths,  evident  to  our  senses,  and  supported  by  palpable 
experiments. 

To  follow  Nature  through  the  minutiae  of  her  labours,  and 
behold  her  reproducing  the  same  primitive  materials  in  many 
different  shapes,  has  always  been  deemed  a  less  splendid  achieve- 
mdccci.  C  c 
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ment  of  science,  than  to  discover  one  more  of  those  simple 
substances,  by  the  union  of  which  she  forms  the  complicated 
effects  we  daily  admire.  Yet  to  me  it  appears,  that,  in  no 
instance  is  she  more  truly  wonderful,  than  in  the  unbounded 
variety  which  she  has  sometimes  produced  from  a  small  fund 
of  original  resources ;  and,  when  we  can  fairly  follow  a  few 
primitive  substances,  through  a  series  of  combinations  infinitely 
multiplied. 

In  addition  to  the  two  chymists  who,  as  is  mentioned  in 
the  preceding  Paper  by  the  Count  de  Bournon,  appear  to 
have  had  some  knowledge  of  the  existence  of  a  natural  arse- 
nate of  copper,  I  must  name  M.  Vauo^uelin.  In  a  letter  to 
me  last  year,  he  communicated  the  discovery  of  such  a  substance 
in  France.  Of  the  different  varieties  which  these  gentlemen, 
Messrs.  Klaproth,  Proust,  and  Vauouelin,  have  examined, 
I  shall  have  occasion  to  speak,  in  the  course  of  these  experi- 
ments :  but  it  was  reserved  for  the  Count  de  Bournon,  to 
state,  in  the  said  Paper,  with  his  usual  talent  and  perspicuity, 
the  scientific  detail  of  the  external  characters,  particularly  of 
the  crystalline  forms,  by  which  he  had  identified  their  nature. 
The  free  access  to  the  extensive  collections  of  the  Right 
Hon.  Charles  Greville,  and  of  Sir  John  St.  Aubyn,  also 
the  easy  communication  with  the  native  soil  of  this  mineral, 
were  the  peculiar  advantages,  which  enabled  the  Count  de 
Bournon  and  myself  to  pursue  the  mineralogical  and  chymical 
researches,  which  are  stated  in  these  communications  to  the 
Society. 

When  the  Count  de  Bournon  had  completed  what  ap- 
peared to  him  to  be  the  mineralogical  classification  of  these 
copper  ores,  he  gave  me  some  specimens  of  each  kind, 
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numbered  indiscriminately,  for  the  very  purpose  of  excluding 
prejudice ;  and  it  was  not  till  my  task  was  ended,  that  we  com- 
pared our  observations.  If  I  had  been  admitted  into  any  previous 
knowledge  of  the  arrangement  dictated  to  him  by  the  principles 
of  crystallography,  I  should  have  been  afraid,  that  I  had 
merely  thought  true,  what  I  wished  to  be  so.  But  I  can,  most 
conscientiously,  indulge  in  the  satisfaction  which  the  according 
results  of  different  means  to  prove  the  same  proposition  na- 
turally excite ;  and  which  is  justly  due  to  the  truth  of  the  out- 
ward marks,  however  delicate,  yet  still  to  be  perceived,  that 
nature  has  left  visible  to  those  who  will  observe  her. 

I  shall  now  proceed  to  offer  the  result  of  a  chymical 
analysis,  undertaken  with  a  view  to  determine  what  confidence 
the  crystallographical  arrangement,  adopted  in  the  preceding 
Paper,  might  merit;  and  to  shew  how  far  sciences  so  nearly 
allied,  may  receive  new  light  and  confirmation  from  reciprocal 
aid. 

I  shall  confine  myself  to  detail  only  those  general  pro- 
cesses which,  upon  frequent  trial,  have  been  found  preferable. 
By  reducing  to  powder  any  of  the  arseniates  of  copper  here 
spoken  of,  and  then  exposing  them  to  heat  in  a  platina  crucible, 
the  water  of  crystallization  was  quickly  dissipated.  But,  as 
too  great  a  degree  of  heat  volatilized  some  portion  of  the 
arsenic  *  acid,  it  was  found  necessary  to  moderate  the  heat ; 

•  There  is  no  doubt  that  philologists,  who  do  not  consider  the  principles  of  the 
'hew  methodical  nomenclature,  may,  at  first  sight,  think  the  term  arslnic  objection- 
able ;  particularly  as  previous  custom  and  analogy  had  given  another  denomination, 
arsenical*  which  is  the  natural  adjective  of  the  substantive  arsenic.  They  may  say, 
that  the  difference  of  accentuation  alone  marks  the  distinction  between  the  substan- 
tive and  the  new  adjective.  But  every  chymist  will  set  the  weightier  considerations 
of  method  and  order  before  such  objections.   In  French,  the  termination  in  ic,  for 

Cc  a 
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and,  in  order  that  every  particle  of  water  might  be  finally  ex- 
pelled, to  prolong  it.  When  the  diminution  of  weight  was  ascer- 
tained, the  residuum  was  dissolved  in  acetous,  or,  still  better, 
in  dilute  nitric  acid,  and  nitrate  of  lead  was  poured  in.  Arseniate 
of  lead  and  nitrate  of  copper  were  thus  formed,  by  double  decom- 
position ;  but,  when  more  nitric  acid  had  been  used  than  was 
strictly  necessary  to  dissolve  the  arseniate  of  copper,  no  precipi- 
tate appeared,  till  the  liquor  had  been  evaporated.  When 
the*  evaporation  was  pushed  too  far,  part  of  the  nitric  acid, 
contained  in  the  soluble  nitrate  of  copper,  flew  off;  and  that 
nearly  insoluble  cupreous  nitrate,  first  mentioned  by  Mr. 
Proust,*  was  produced.  To  obviate  both  inconveniences, 
alcohol  was  added,  immediately  before  the  liquor  was  quite  eva- 
porated, and  long  after  the  precipitate  had  begun  to  appear; 
in  a  few  minutes,  all  the  arseniate  of  lead  fell  to  the  bottom, 
while  the  nitrate  of  copper  was  held  in  solution.  These  new 
products  being  separated  by  filtration,  the  spirituous  liquor 
was  distilled  ;  and,  from  the  nitrate  of  copper,  the  quantity  of 

the  substantive,  and  in  ique,  for  the  adjective,  obviates  all  confusion.  One  remark  I 
shall  beg  leave  to  offer  to  the  consideration  of  those  chymists,  who  have  laboured  to 
adapt  to  the  English  language,  a  literal  translation  of  the  French  nomenclature.  It 
is  the  genius  of  the  former  language,  to  throw  the  accent  as  far  back  as  possible;  so 
that,  in  trisyllabical  nouns,  the  first  or  second  syllable  is  usually  accented ;  while,  in 
the  French  language,  the  accent  is  generally  thrown  upon  the  last:  thus,  we  say 
sulphuric  acid,  but  they  say,  acide  sulpburique.  It  was  very  natural  therefore,  as  in 
the  latter  case,  to  make  the  accented  syllable  be  that,  which  should  denote  the  par- 
ticular state  of  the  substance  of  which  they  speak.  Thus  sulpburique,  sulpbureux ; 
nitrique,  nilrcux ;  sulphate,  sulpbite ;  nitrate,  nitrite.  But,  without  offending  the 
radical  orthoepy  of  our  language,  we  cannot  make  the  same  method  subservient 
to  that  purpose ;  for,  when  we  wish  to  mark  the  distinction  in  that  manner,  we 
are  obliged  to  wrest  the  word  from  its  proper  pronunciation,  and  to  say,  nitric*  nitrous, 
sulphureous,  tec. 

•  Annate  de  Chiroie,  Vol.  XXXII.  p.  26. 
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that  metal  contained  in  the  ore  was  obtained,  by  boiling  the 
solution  with  pot-ash  or  soda.  * 

*  By  potash  and  soda,  I  mean  those  alkalis  pure,  obtained  according  to  the  method 
prescribed  by  Bbrthollbt.  I  know  of  no  other.  It  is  not,  that  I  have  any  pre- 
dilection for  those  identical  terms ;  yet,  whatever  melioration  subsequent  improve- 
merit  may  introduce  in  particular  cases,  if  principles  arc  to  be  adopted,  they 
should,  in  general,  be  strictly  adhered  to.  But  it  must  be  a  violation  of  them,  to 
apply  a  word,  appropriated  by  common  consent  to  design  a  pure,  and  as  yet  a  simple 
substance,  to  such  heterogeneous  mixtures  as  lapis  causticus,  carbonates  of  pot- 
ash  and  soda,  tec.  It  is  indeed  much  to  be  desired,  that  the  epithets,  caustic,  pure, 
saturate,  &c.  should  be  regarded  as  tautology,  which  they  really  are.  There  is  no 
potash  purer  than  potash.  When  it  is  not  pure,  we  should  say,  instead  of  *«  I  took 
so  much  potash,"  "  I  took  so  much  of  a  mixture  of  potash,  and,  whatever  other 
substance  is  mixed  with  it."  Thus,  instead  of  calling  lapis  causticus,  caustic  potash,  or 
potash,  as  is  often  done,  we  should  say,  "  I  took  so  much  of  a  mixture  of  potash, 
sulphate,  muriate,  carbonate,  and  sulphuret  of  potash ;  siliceous  and  aluminous 
earths ;  iron  and  manganese for  such  I  find,  by  analysis,  lapis  causticus  to  be. 
To  all  this  is  added,  by  apothecaries,  a  little  lime.  Yet  this  is  the  substance  some- 
times called  potash. 

M.  Lowitz's  manner  does  not  give  potash  pure  enough  for  delicate  analyses  of 
stones.  I  hare  never  seen  any  prepared  by  his  method,  in  which  I  could  not  discover 
iron,  silica,  alumina,  and  carbonic  acid.  To  the  proofs  given  by  Dr.  Kennedy, 
(in  his  paper  entituled  "  A  Chymical  Analysis  of  three  Species  of  Whinstone,  and 
two  of  Lava,  in  the  Edinburgh  Transactions  for  1799.)  of  the  efficacy  of  his  method, 
I  propose  the  following  objections.  That  chymist  supersaturates  by  nitric  acid,  and 
examines  by  nitrates  of  barytes  and  of  silver.  This  will  be  a  sufficient  test  for  sul- 
phuric and  muriatic  acids ;  but  carbonic  acid  may  have  been  present  before  satura- 
tion. He  then  evaporates ;  and,  if  all  is  redissolvable,  concludes  there  is  no  silica 
or  alumina  ;  but,  after  saturation  by  an  acid,  ammonia  is  a  more  delicate  test  than 
evaporation,  for  small  portions  of  those  earths. 

By  treating  Dantzic  potash,  or,  still  better,  pearlash,  with  lime,  and  evaporating 
in  a  well-plated  copper  vessel,  a  white  mass  is  left.  This  mass,  dissolved  as  far  as  it 
can  be  in  alcohol,  and  the  liquor  distilled  to  dryness  in  a  plated  alembic,  gives  an 
alkali  of  a  perfect  whiteness.  In  this  state,  it  is  dangerous  to  touch  it ;  its  action  on 
animal  matter  is  so  sudden,  and  so  violent.  It  attacks  all  stones  with  the  greatest  ease 
and  rapidity.  Dissolved  in  water,  it  makes  not  the  least  cloud  in  barytes  water,  or  in 
a  solution  of  nitrate  or  muriate  of  that  earth ;  and  may  be  used,  as  a  very  delicate  and 
sensible  reagent,  to  distinguish  it  from  strontian.  By  saturating  with  an  acid,  and  then 
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To  the  use  of  alcohol,  in  order  to  get  rid  of  the  excess  of 
acid,  as  mentioned  above,  there  is  not  the  same  objection  that 
there  might  be  to  evaporation,  or  to  an  alkali :  it  can  combine 
with  that  acid  only  which  is  free ;  and  an  excess  of  it  can,  in 
no  way,  affect  the  metallic  salts. 

I  have  given  the  preference  to  lead,  above  every  other  method 
of  combining  arsenic,  to  determine  its  quantity  in  any  other 
body,  having  found  arseniate  of  lime,  which  has  been  hitherto 
recommended,  as  well  as  all  other  earthy  arseniates,  to  be 
nearly  as  soluble  in  water  as  sulphate  of  lime.  Lead  presented 
also  much  facility  as  to  the  proportions  of  its  arseniates;  and  a 
few  experiments,  instituted  to  arrive  at  them,  afforded  sufficient 
accuracy.  But,  first,  it  was  necessary  to  ascertain  how  much 
acid  a  given  quantity  of  metallic  arsenic  could  afford ;  and, 
finding  that  it  was  in  vain  to  aspire  at  a  greater  degree  of 
precision,  than  that  which  Mr.  Proust  had  obtained,  I  have 
adopted  his  results.  By  them  it  appears,  that  133  of  white 
oxide,  and  153  of  acid,  contain  each  100  of  real  arsenic,  the 
rest  being  oxygen.  But,  100  of  metallic  arsenic,  acidified  by 
nitric  acid,  neutralized  by  an  alkali,  and  precipitated  by  nitrate 
of  lead,  gave  463  of  arseniate  of  lead ;  that  is,  100  of  arseniate 
of  lead,  contain  33  and  a  fraction  of  arsenic  acid  ;  and,  on  the 
other  hand,  my  own  experiments  informed  me,  that  lead,  dis- 
solved in  nitric  acid,  and  precipitated  by  arseniate  of  ammonia, 

seeking  silica,  or  alumina,  by  ammonia,  no  trace  of  them  can  be  found,  nor  indeed  of 
any  thing  else.  I  do  not  say,  however,  that  the  potash  is  perfectly  free  from  every  other 
•ubstance  ;  I  believe  it  contains  a  little  carbone,  produced  by  the  decomposition  of  the 
alcohol,  and  is,  therefore,  a  subcarburet  of  potash ;  but  carbone  can  be  of  no  conse- 
quence, in  the  generality  of  experiments,  in  humid  docimasia.  The  same  method, 
employed  with  carbonate  of  soda,  is  the  only  one  to  procure  soda  in  a  state  of  equal 
purity. 
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gave  a  proportion  of  63;  and  4  were  expelled  by  heat 
from  this  salt.  The  composition  of  arseniatc  of  lead,  there- 
fore, is, 

Arsenic  acid  -  -  -  -  33 
Oxide  ot  lead  -  -  -  -  63 
Water     -  •    -     -     -  4 

100 

This  experiment,  repeated  several  times,  never  gave  1  per 
cent,  difference  in  the  results.  Another  method,  which  may  be 
deemed  shorter,  and  perhaps  even  more  accurate,  to  analyze 
arseniate  of  copper,  is  as  follows.  After  the  quantity  of  water 
'  has  been  estimated,  the  remainder  may  be  treated  by  either  of 
the  fixed  alkalis,  which  will  combine  with  the  acid,  and  leave 
the  brown,  the  only  real, .oxide  of  copper,  in  the  same  state  as 
that  in  which  it  existed  in  the  ore ;  the  alkaline  liquor  may  be 
neutralized,  as  above,  and  the  proportions  determined  in  the 
same  manner. 

No.  I.  Third  species  of  the  preceding  Paper.  One  hundred 
parts,  exposed  to  a  low  red  heat,  lost  nothing  of  their  weight. 
Dissolved  in  dilute,  nitric  acid,  decomposed  by  nitrate  of  lead, 
and  precipitated  by  evaporation,  and  then  by  alcohol,  they  left 
a  white  powder,  which,  well  washed  and  dried,  weighed  121. 
But  121  of  arseniate  of  lead,  contain  39,7  of  arsenic  acid. 
The  nitrate  of  copper,  boiled  with  potash;  left  a  precipitate, 
which  weighed  60.  Therefore,  there  are  in  this  variety, 
Oxide  of  copper  -  -  -  -  60 
Arsenic  acid    -----  39,7 

99^7 

No.  II.  Fourth  species  of  the  preceding  Paper.   One  hundred 
parts,  exposed  to  a  low  red  heat,  lost  16.  Treated  as  above, 
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they  yielded  a  quantity  of  arseniate  of  lead,  corresponding  to 
30  of  arsenic  acid;  and  I  obtained  54,  of  oxide  of  copper. 
Therefore,  this  variety  contains, 

Oxide  of  copper  -  -  -  -  54 
Arsenic  acid  -  -  -  -  -  30 
Water   --------  16* 

100 

No.  III.  Var.  s  of  the  third  species.  One  hundred  parts, 
exposed  to  a  low  red  heat,  lost  18  of  water.  The  82  remaining, 
boiled  with  potash,  left  a  residuum  of  a  blackish  brown  colour, 
which  weighed  51,  and  which,  examined  by  the  different 
reagents,  was  found  to  be  oxide  of  copper,  without  mixture. 
The  supernatant  liquor,  and  the  liquor  which  washed  the  51 
precipitated,  being  neutralized  and  evaporated  together,  left  a 
precipitate,  by  nitrate  of  lead,  which  weighed  88,  and,  by  the 
proportions  of  arseniate  of  lead,  established  above,  indicated 
29  of  arsenic  acid.   The  proportions  in  this  variety  are  there- 


fore as  follows : 

Oxide  of  copper  -  -  -  -  51 
Arsenic  acid  -----  29 
Water   ------  18 

""98" 


No.  IV.  Var.  5  of  the  third  species.  This  gave,  by  one  or 
other  of  the  two  methods,  already  described  and  applied,  as 


follows : 

Oxide  of  copper   -   -   -   -  50 

Arsenic  acid   -   -   -    -    -  29 

Water  -------  21 

100 
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No.  V.  Second  species  of  the  preceding  Paper.  This  is  the 
variety  which,  according  to  the  description  I  received  from 
M.  Vauquelin,  he  had  analyzed.  In  his  letter  to  me,  he  gave 
no  particulars  of  the  method  he  had  employed,  but  merely 
stated  his  result.*    By  that,  it  appears  to  contain, 

Oxide  of  copper  -  -  -  -  59 
Arsenic  acid  •   -   -   -   -  41 

100 

Before  the  reception  of  his  account,  I  had  found, 

Oxide  of  copper  -  -  -  -  58 
Arsenic  acid  -----  21 
Water    -----    -  21 

100 

This  induced  me  to  repeat  the  analysis  with  the  greatest 
care  and  attention ;  for  I  thought,  that  to  differ  from  so  great 
a  master  must  be  to  differ  from  truth ;  but  I  constantly  found 
21  of  water,  and  21  of  arsenic  acid. 

This  apparent  difference  must,  therefore,  depend  on  the 
state  of  dryness  in  which  he  obtained  his  acid ;  or  perhaps  he 
estimated  it  with  the  water ;  and,  if  so,  I  am  happy  to  find  I 
agree  with  him  so  near  as  one  per  cent.  A  greater  preci- 
sion, as  every  person  familiar  with  analysis  well  knows,  is  not 
within  the  power  of  chymical  exactness. 

•  J'ai  analyze,  ces  jours  derniers,  une  mine  de  culvre  d*un  vert  clair  crtstallin,  en 
lames  hexaedres,  se  divisant  en  lames  menus*  et  legcrement  flexibles,  com  me  le  mica  |  Ct 
c'est  pour  cela,  que  les  natural istes  l'avoient  nomme'  mica  vert.  J'ai  trourl  que  cc 
mineral  etoit  compose  d'eoviron  59  d'cocide  de  cuivre,  ct  de  41  d'acide  arsenique ;  et 
e'est  de  rentable  arseniate  de  cuivre.   Paris,  August  30,  1798. 

MDCCCI.  D  d 
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No.  VI.  First  species  of  the  preceding  Paper,  One  hundred 
parts,  exposed  to  a  low  red  heat,  lost  much  more  than  any 
of  the  other  kinds;  the  deficit  amounted  to  35.  The  usual 
treatment  gave  49  of  oxide  of  copper,  and  only  14,  of  arsenic 
acid.  I  repeated  this  analysis,  with  some  portions  which 
had  not  been  exposed  to  heat,  and  never  found  more  than  14 


of  arsenic  acid.    This  arseniate  contains, 

Oxide  of  copper   -    -    -    -  49 

Arsenic  acid   -   -    -   -   -  14 

Water   ------  35 

~9* 


No.  VII.  Tellow  bema title  copper  ore*  (See  page  171.) 
One  hundred  parts  of  this  ore,  boiled  with  dilute  nitric  acid, 
left  a  yellowish  white  residuum,  which  weighed  1 7.  These  1 7, 
exposed  to  a  degree  of  heat  sufficient  to  volatilize  the  sulphur, 
left  5,  which  were  silica.  The  liquor  from  which  this  resi- 
duum had  been  separated  by  filtration,  upon  being  tried  for  all 
the  different  metals,  and  particularly  for  arsenic,  afforded  no 
traces  of  any  thing  but  copper  and  iron.  A  copious  precipitate 
took  place  by  the  affusion  of  ammonia ;  the  copper  was  redis- 
solved  by  adding  an  excess;  and  then  obtained  by  volatilizing 
that  alkali,  and  boiling  with  potash,  after  the  filter  had  sepa- 
rated the  iron  already  precipitated.  The  contents  are, 


Sulphur     -     --      --     --     -  12 

Silica       -------  5 

Copper,  which  I  believe  to  be  in  the  metallic  state  30 

Oxide  of  iron         -         -         -  53 


100 

•  This  and  the  following  (No.  VIII.)  being  the  matrices  upon  which  the  arse- 
aiates  of  copper  and  of  iron  are  generally  found,  I  thought  it  right  to  give  an  analysis 
of  them  also. 
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In  this  ore,  I  believe,  for  the  following  reasons,  that  the  metals 
are  in  the  state  I  have  marked.  First,  the  proportions  in  the 
ore  announce  it ;  for  I  always  had  an  excess  of  weight  in  the 
total  result,  if  I  did  not  deduct  such  a  proportion  of  oxygen  as 
might  be  contained  in  30  parts  of  copper. 

Secondly,  there  is  a  considerable  disengagement  of  nitrous 
gas. 

Thirdly,  the  ore  does  not  attract  the  loadstone. 

And,  fourthly,  the  greater  part  of  the  iron,  (but  none  of  the 
copper,)  is  dissolved  in  muriatic  acid,  forming  a  green  muriate  of 
iron,  without  disengagement  of  hydrogen  gas. 

No.  VIII.  Grey  vitreous  copper  ore.  (See  page  173.)  There 
are  many  intermediate  states  between  this  ore  and  the  yellow 
hematitic  copper  ore;  but  they  are  not  fair  objects  of  chymical 
analysis,  being  merely  mixtures  of  both  kinds,  in  different  pro- 
portions. The  mineralogist,  indeed,  may  dwell  upon  them,  as 
interesting  in  studying  the  products  of  nature,  but  they  are 
unsatisfactory  subjects  for  the  chymist. 

Grey  vitreous  copper  ore,  when  obtained  in  its  greatest  pu^ 
rity,  is  by  many  degrees  the  richest  cupreous  pyrites  known 
in  nature ;  and,  in  the  large  way,  the  metal  may  be  extracted 
by  the  easiest  processes.  100  parts  of  this  ore,  in  dilute  nitric 
acid,  left  12,  which  were  sulphur.  Ammonia,  poured  in  excess 
into  the  nitric  solution,  redissolved,  with  the  exception  of  4,  the 
whole  of  the  precipitate  which  it  had  formed ;  the  4  were  iron  ; 
and,  from  the  ammoniacal  liquor,  105  of  black  oxide  of  copper, 
equal  to  84  of  metallic  copper,  were  obtained  by  evaporation, 
and  then  boiling  with  potash. 
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Sulphur  -----  12 
Copper  -----  84 
Iron    -----  4 

100 

Although  I  have  mentioned,  in  the  preceding  statements, 
only  a  single  analysis  of  each  specimen,  it  is  by  no  means  to 
be  imagined,  that  so  small  a  number  would  be  sufficient  to 
satisfy  enquiry.  None  of  the  above  results  have  been  taken 
into  account,  unless  confirmed  by  frequent  repetition  ;  and  the 
probationary  experiments  have  been  diversified,  as  much  as  lay 
in  my  power,  by  many  different  tests,  and  various  chymicai 
reagents. 

With  regard  to  the  colour  of  some  specimens  of  arseniate  of 
copper,  it  is  easily  to  be  accounted  for  upon  chymicai  principles. 
The  mistake  under  which  we  have  long  laboured,  that  the 
green  is  the  real  oxide  of  copper,  has  happily  been  rectified  by 
M.  Proust.*  He  has  proved  it  to  be  a  particular  substance, 
(to  which  he  has  given  the  very  improper  name  of  hydrate  of 
copper,+)  endowed  with  peculiar  properties,  and  composed  of  the 
brown  oxide,  and  of  water,  in  a  state  of  combination.  From  his 
experiments,  and  from  what  I  myself  have  seen,  I  am  inclined 
to  draw  the  conclusion,  that  we  have  never  yet  obtained  by  art 
any  real  salt  of  oxide  of  copper.  In  examining,  for  instance, 
sulphate  of  copper,  we  find  it  to  afford  blue  crystals;  and  to 

•  Annales  de  Chimie,  Vol.  XXXII.  p.  26. 

f  Copper  is  not  the  only  metal  capable  of  a  similar  combination.  Cobalt,  nickel, 
and  uranium,  enjoy  the  same  property.  This  may,  in  some  measure,  explain  the  change 
of  colour,  which  the  liquid  muriates  of  some  of  these  metals  undergo  by  gentle  heat : 
it  may  likewise  throw  some  light  upon  the  sympathetic  ink  of  Cobalt. 
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contain  a  known  quantity  of  water  of  crystallization,  and  of  what 
we  formerly  called  the  oxide.  But  that  oxide  still  retains  a  quan- 
tity of  water,  of  which  when  it  is  deprived,  it  passes  to  a  very 
dark  brown,  and  changes  its  chymical  nature  and  properties. 

If,  upon  that  brown  oxide,  a  sufficient  quantity  of  dilute 
sulphuric  acid  is  poured,  it  yields  a  blue  salt,  but  in  a  propor- 
tion greater,  by  about  24  per  cent,  than  if  the  green  substance 
had  been  employed.  1  imagine,  therefore,  that  the  first  opera- 
tion of  this  brown  oxide  is,  to  assume  the  quantity  of  water 
necessary  to  constitute  a  hydrate ;  and,  that  the  combination  of 
sulphuric  acid  takes  place,  not  between  the  oxide,  but  between 
the  hydrate  and  that  acid,  to  form  a  salt,  which,  when  cry- 
stallized, has  taken  another  portion  of  water  in  the  act  of 
crystallization.  It  is  a  well  known  fact,  that  there  is  a  state  of 
concentration,  when  an  aqueous  solution  of  muriate  of  copper, 
gently  heated,  will  change  from  a  bluish  green  to  a  beautiful 
brown,  which,  upon  cooling,  or  by  the  affusion  of  water,  re- 
sumes its  former  tinge.  This  brown  liquor  is  probably  a  solu- 
tion of  muriate  of  copper;  while  the  blue  liquor,  like  every 
green  or  blue  solution  of  a  cupreous  salt,  is  a  combination  of 
the  acid  and  the  hydrate,  or  (as  we  should  say  in  this  case) 
a  muriate  of  hydrate  of  copper.  It  is  true,  I  have  not  been 
able  to  produce,  so  often  as  I  could  wish,  this  change  of 
colour.  I  can,  however,  adduce  the  following  instance,  as 
being  much  in  favour  of  my  opinion. 

It  is  evident  that  oxide  of  copper  (for  so  I  shall  henceforth 
call  the  brown  substance)  has  a  very  strong  affinity  for  water ; 
because  the  fixed  alkalis,  (unless  when  boiled  upon  it,)  and 
their  carbonates,  all  of  which  easily  decompose  the  salts  of 
copper,  cannot  dispossess  the  hydrate  of  copper  of  its  water. 
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This  led  me  to  imagine  that  I  could  perhaps,  by  fire,  dissi» 
pate  not  only  the  water  of  crystallization,  but  that  contained 
in  the  hydrate ;  and  leave  the  acid,  if  a  potent  one,  still  in  the 
salt.  But  I  found  that  the  affinity  of  the  alkali,  acting  upon 
the  acid,  had,  in  the  humid  way,  determined  an  order  of  com- 
bination not  to  be  effected  by  heat ;  for,  even  sulphuric  acid 
was  expelled,  before  the  water  of  the  hydrate  could  be  com- 
pletely dissipated.  Upon  reflecting  on  the  fixity  of  acids,  I 
could  find  none  so  proper  for  this  experiment  as  the  phos- 
phoric. I  therefore  prepared  some  artificial  phosphate  of  cop- 
per, by  precipitating  the  nitrate  of  that  metal  by  phosphate 
of  soda.  When  washed  and  dried,  it  was  in  the  form  of  a  fine 
bluish  green  powder,  among  which,  many  crystals  were  dis- 
cernible, almost  to  the  naked  eye. 

One  hundred  parts  of  this,  exposed  to  a  gentle  red  heat,  became 
of  a  much  paler  green,  but  passed  intirely  to  brown  when  the 
temperature  was  sufficiently  elevated.  I  had  then  a  brown 
phosphate,  not  of  hydrate,  but  of  oxide  of  copper,  and  from 
which  no  acid  had  been  volatilized.  Its  loss  of  weight  was 
wholly  from  the  water  which  had  been  expelled,  and  amounted 
to  15,5.  Its  other  proportions  I  found,  by  further  analysis, 
to  be  35  of  phosphoric  acid,  and  49,5  of  oxide  of  copper.  It 
is  not,  however,  to  be  concluded  from  this,  that  there  are  really 
15,5  of  water  of  crystallization,  in  bluish  green  phosphate  of 
copper.  We  must  recollect,  that  it  is  a  phosphate  of  hydrate  of 
copper ;  and  that  49,5  of  oxide  demand  is  of  water,  to  exist  in 
that  state :  3,5  therefore  are  the  amount  of  the  water  of  crystal- 
lization ;  and  its  order  of  union  may,  with  more  propriety,  be 
thus  stated : 
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Oxide  of  copper  49,51 

^  ™  J  forming  hydrate  of  copper  01,5 

Phosphoric  acid       -        -     t,  -        -        -  35 

Water  of  crystallization     -        -        -       -     •nMU  *. 

I.r.  '  •  ■  «.•.,..:.  -I  1.    (  7JnS3rti 

100,0 


And  this  is  the  order  which  should  be  adopted,  in 
of  all  analyses  of  salts  of  copper. 

I  could  easily  produce,  by  the  same  method,  a  pale  green, 
or  a  brown  arseniate ;  and,  in  nature  also,  the  colour  of  the 
ore  accurately  corresponds  with  the  proportion  of  water,  as 
may  be  seen  by  comparing  together  any  of  the  foregoing 
analyses. 

Having  thus  convinced  myself,  by  analysis,  that  copper  is 
found  in  nature  united  with  arsenic  acid  in  different  propor- 
tions, I  next  wished  to  ascertain,  whether  art  could  effect 

1 

similar  combinations.  For  this  purpose,  I  poured  into  arseniate 
of  ammonia,  a  solution  of  nitrate  of  copper.  The  metallic  arse- 
niate was  immediately  precipitated  in  crystalline  grains,  of  a 
blue  colour,  rather  more  intense  than  the  phosphate  already 
mentioned  ;  and  the  liquor,  which  remained  blue,  was  decanted. 
The  colour  which  this  latter  retained,  I  imagined,  was  due  to 
the  presence  of  a  greater  quantity  of  nitrate  of  copper  than  was 
necessary  to  precipitate,  from  its  alkaline  basis,  the  arsenic 
acid  combined  with  the  copper.  After  a  partial  evaporation,  I 
poured  in  alcohol ;  and  found,  to  my  surprise,  that  the  conse- 
quence was  another  precipitation,  which  was  much  increased  by 
allowing  the  liquor  to  remain.  Crystals,  still  more  rich  in  colour 
than  the  former,  and  very  evidently  rhomboidal,  even  to  the 
naked  eye,  were  gradually  formed.  Imagining  there  must  be 
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some  essential  cause  of  the  greater  solubility  of  the  one  tha» 
of  the  other,  I  resolved  to  examine  them  apart. 

One  hundred  parts  of  the  first  of  those  precipitates,  exposed  to 
a  low  red  heat,  lost  22.  Boiled  with  potash,  there  remained 
undissolved,  a  blackish  brown  powder,  which,  well  washed  and 
dried,  weighed  50.  The  supernatant  liquor,  saturated  with 
nitric  acid,  and  evaporated,  was  precipitated  by  nitrate  of  lead. 
Upon  filtration,  82  were  left,  which  indicate  27  of  arsenic 
acid.  Therefore,  this  arseniate  of  copper  contained, 
Copper  -----  50 
Arsenic  acid  -  27 

Water  -  22 

99 

The  second  artificial  compound,  which  was  mentioned  above, 
was  evidently  more  soluble  than  the  latter ;  and  analogy  might 
lead  us  to  suspect,  in  arguing  from  the  generality  of  salts  the 
basis  of  which  is  supersaturated,  that  it  contained  an  excess  of 
acid.    It  was  analyzed  in  the  same  manner  as  the  last,  and 


afforded, 

Oxide  of  copper  -  35 

Arsenic  acid    -    -  39,5 

Water   -----  24, 


98,5 

Thus  then  have  we  two  artificial  arseniates  of  copper,  one 
of  which  intimately  corresponds  with  one  of  those  which  we 
have  recognized  among  the  productions  of  nature.  The  other 
possibly  will  be  found,  but  we  are  not  yet  in  possession  of  it; 
for  I  shall  presently  mention  the  reason  why  No.  I.  although 
containing  39  of  acid,  cannot  fairly  be  esteemed  as  such.  I 
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have  not  yet  been  so  fortunate  as  to  form  the  other  combi- 
nations ;  but  do  not  doubt,  that  art  may  one  day  succeed  in 
obtaining  them. 

REMARKS. 

Before  I  conclude  this  section,  which  hitherto  has  had  for 
its  object  a  particular  account  of  certain  kinds  of  copper  ore,  as 
well  as  of  their  matrices,  it  may  not  be  superfluous  to  offer  a  few 
remarks,  not  foreign  to  the  present  subject,  upon  some  methods 
generally  used  in  the  docimastic  art.  To  prove  the  presence  of 
different  substances  in  fossils,  is  an  object  of  delicate  research ; 
but,  to  determine  proportions  with  accuracy  is  the  most  diffi- 
cult operation  of  analytic  chymistry,  and  often  eludes  investi- 
gation. It  is  rather  a  pleasing  reflection  to  think,  that  we 
are  in  the  infancy  of  chymical  exactness  ;  and  that  we  may  see 
the  day  of  improvement,  when  the  errors  which  we  now  com- 
mit will  require  all  the  aid  of  self-complacency  to  be  in  the 
least  excused.  And  it  may  be  of  more  real  utility  to  state  with 
frankness,  although  we  cannot  account  for  them,  those  ano- 
malous appearances  which  so  frequently  occur,  than  to  court 
the  phantom  of  rigid  accuracy,  the  reality  of  which  we  can  as 
yet,  but  in  a  few  instances,  be  sure  we  have  attained.  For, 
every  observation,  however  trivial,  of  this  kind,  will  hasten  the 
arrival  of  that  moment  when  we  shall  be  enabled  to  approach 
a  little  nearer  to  truth. 

I  have,  for  many  reasons,  preferred  boiling  the  nitrate  of 
copper  with  either  of  the  fixed  alkalis,  to  the  method  generally 
recommended,  which  is,  to  precipitate  all  the  copper  from  its 
solvent,  by  carbonate  of  potash,  or  of  soda ;  then,  to  redissolve 
m  muriatic  acid ;  and  to  precipitate,  in  the  metallic  state,  by 
a  plate  of  polished  iron. 

mdccci.  E  e 
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First,  when  an  alkaline  carbonate  is  used,  the  precipitate  is 
a  carbonate  of  hydrate  of  copper;  and  this  substance  is  soluble 
in  an  excess  of  the  precipitant.  I  once  evaporated  some  very 
beautiful  blue  liquor,  obtained  in  an  operation  of  this  kind,  and 
found  a  crystallized  salt,  which  I  became  desirous  to  examine. 
But,  as  the  solution  contained  another  salt,  formed  by  the  acid 
(which  originally  held  the  copper  in  solution)  and  the  alkali 
employed,  I  found  it  necessary  to  form  some  hydrate  of  copper 
directly  for  the  purpose. 

Some  hydrate  of  copper  was  therefore  prepared,  by  decom- 
posing the  nitrate  of  that  metal  by  a  very  dilute  solution  of  pot- 
ash, and  well  washing  and  drying  the  precipitate :  it  was  that 
fine  powder  formerly  well  known  as  the  oxide  of  copper.  Some 
of  this  substance  was  thrown  into  a  solution  of  carbonate  of 
potash*  through  which  a  current  of  carbonic  acid  had  been  made 
to  pass  for  a  long  time,  and  they  were  then  slightly  heated 
together.  One  part  of  the  hydrate  became  of  the  same  colour 
as  the  real  oxide ;  the  other  was  dissolved,  and  the  liquor  was 
converted  into  a  greenish  blue  solution.  Thus,  one  part  of  the 
hydrate  had  yielded  its  water  to  the  other,  in  order  to  favour 
this  quadruple,  or  rather  this  double  combination,  of  carbonate 
of  potash  and  hydrate  of  copper :  the  liquor,  when  reduced, 
afforded  a  mass,  which,  repeatedly  redissolved  and  evaporated* 
with  difficulty  assumed  any  determinate  form  of  crystallization. 
This  salt  is  a  carbonate  of  potash,  holding  a  little  copper.  It 
is  of  a  pale  blue,  and  varies  in  colour,  according  to  the  quan- 
tity of  water  of  crystallization,  and  of  metal.  It  is  slightly 
deliquescent,  and  soluble  in  about  three  parts  of  water,  at  6o°,  but 
requires  much  less  water,  when  the  water  is  boiling.  It  crystal- 
lizes by  cooling,  much  like  carbonate  of  potash.    It  is  soluble 
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in  a  large  quantity  of  alcohol.  It  loses  about  43  per  cent,  of 
carbonic  acid,  by  .solution  in  a  stronger  acid ;  and,  prepared  in 
the  manner  I  have  mentioned,  contains  no  more  than  5  per  cent, 
of  oxide  of  copper ;  although  carbonate  of  potash,  when  poured 
into  a  solution  of  any  salt  of  copper,  appears  to  retain  a  much 
greater  quantity.  This,  therefore,  is  a  sufficient  proof  of  the 
inaccuracy  of  attempting  to  precipitate  copper  from  its  solutions, 
by  an  alkaline  carbonate  ;  for,  carbonate  of  soda  has,  like  car- 
bonate of  potash,  the  property  of  dissolving  and  crystallizing,  as 
a  triple  salt,  with  hydrate  of  copper. 

In  addition  to  this  source  of  error,  we  may  add,  the  very 
uncertain  operation  of  one  metal  upon  the  saline  combination 
of  another,  whatever  may  be  their  affinity  for  oxygen.  Indeed 
I  have  so  often  remarked  this  very  great  uncertainty,  that  I 
was  pleased  to  find  the  observation  had  occurred  to  Mr.  Proust  ; 
and  I  have  constantly  found  that  more  dependence  can  be 
placed  upon  the  method  I  have  adopted,  than  upon  any  attempts 
to  precipitate  the  metals  by  each  other. 

With  regard  to  efficacy  and  promptness,  tin  or  zinc  is  pre- 
ferable to  iron ;  but,  with  any  of  the  three  metals,  a  phenome- 
non occurs,  for  which  1  have  not  been  able  to  account,  in  any 
manner  the  least  satisfactory.  As  the  effects  are  more  striking 
with  zinc  than  with  the  other  metals,  I  shall  enter  into  particu- 
lars respecting  the  use  of  that  metal  only. 

When  a  bit  of  zinc  (or  tin,  or  iron,)  is  immersed  in  a  solution 
of  muriate  of  copper,  a  precipitation  begins,  and  all  the  copper 
is  finally  separated  in  a  few  hours.  *  But,  if  a  little  muriatic  acid 
is  added  to  this  solution,  and  the  zinc  then  immersed,  a  violent 

•  If  any  quantity  of  neutral  salt  is  present  in  the  solution,  the  precipitation  is  much 
retarded,  and  is  seldom  complete. 

Ees 
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effervescence  takes  place ;  hydrogen  gas  is  disengaged,  and,  \n 
less  than  two  minutes,  the  copper  is  so  completely  precipitated 
in  the  metallic  state,  that  neither  ammonia,  nor  even  sulphu- 
rated hydrogen,  can  discover  any  vestige  of  its  presence. 

It  would  appear  from  this,  that  hydrogen  is,  in  this  case,  the 
real  reductive  and  precipitant  of  the  copper.  Yet,  how  can 
we  reconcile  the  evident  contradiction  that,  in  one  case,  zinc 
with  muriatic  acid  will  decompose  water,  that  is,  that  zinc 
and  muriatic  acid  will  attract  oxygen  more  strongly  than  hy- 
drogen can,  yet  that,  in  the  other  case,  hydrogen,  whose  affinity 
for  oxygen  is  weaker  than  that  of  zinc  and  muriatic  acid,  will 
be  more  speedy  and  powerful  than  zinc  and  muriatic  acid,  in 
attracting  that  oxygen  from  copper.  Again,  how  is  it  pos- 
sible that  zinc  and  muriatic  acid  will,  in  preference  to  taking 
oxygen  immediately  from  the  oxide  of  copper,  decompose 
water,  the  hydrogen  of  which  will  unite  with  the  oxygen  of 
the  oxide  of  copper,  again  to  become  water,  which  it  originally 
was.  All  this  appears  to  me,  I  confess,  as  contradictory  as  to 
say,  one  is  less  than  two,  two  are  less  than  three,  yet  three  are 
much  less  than  one.  This  opinion,  that  hydrogen  is  really  the 
reductive,  is  the  more  extraordinary,  as  it  is  not  founded  on  the 
single  experiment  above-mentioned. 

If  a  bit  of  zinc  (or  tin,  or  iron,)  is  thrown  into  a  solution  of 
oxide  of  arsenic  in  water,  no  change  of  any  kind  will  be  effected, 
even  after  a  considerable  time.  But,  the  instant  that  muriatic 
acid  is  added,  effervescence  and  precipitation  commence;  a  few 
minutes  suffice  to  obtain  all  the  arsenic  in  its  metallic  state.  It 
may  be  objected  here,  that  muriatic  acid,  (as  muriatic  acid,) 
produces  some  hitherto  unknown  modification  in  the  order  of 
established  affinities.  This  objection  is  not  plausible ;  and  I  can 
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adduce  so  clear  an  answer  to  it,  as  to  shew  that  it  is  of  very 
little  moment.  If  aqueous  arsenic  acid  is  used,  instead  of  the 
above  solution,  the  same  phenomena  of  effervescence  and  pre- 
cipitation ensue,  as  when  muriatic  acid  had  been  used  in  the 
former  case ;  and  that  precise  quantity  of  metallic  arsenic  is 
thrown  down,  which  can  yield  sufficient  oxygen  to  the  zinc  to 
combine  with  the  remaining  acid  undecomposed.  The  precipi- 
tate which  is  formed,  is  a  mixture  of  metallic  arsenic  with  arse- 
niate  of  zinc ;  and  these  may  be  separated  by  muriatic  acid, 
which  will  dissolve  the  metallic  salt,  without  acting  upon  the 
arsenic. 

If,  instead  of  muriatic  acid,  sulphuric  acid  is  used,  the  same 
phenomena  take  place,  in  a  less  degree.  But,  if  the  experiment 
is  tried  with  nitric  acid,  there  is  no  disengagement  of  hydrogen 
gas ;  and  the  metals  effect  a  precipitation  with  much  less  rapi- 
dity and  certainty  than  in  the  former  case. 

It  is  very  true>  that  hydrogen,  in  its  nascent  state,  may  have 
properties  with  which  we  are  yet  unacquainted;  and  may 
determine  combinations,  which  it  can  in  no  other  state  produce. 
But  the  decomposition  of  water,  in  the  first  instance,  in  order 
that  a  new  recomposition  may,  at  that  moment,  be  effected  by 
the  same  agents,  is  in  itself  sufficiently  paradoxical. 

The  facts  last  mentioned,  are  somewhat  analogous  to,  and 
seem  even  confirmative  of,  a  theory  proposed  some  time  past 
by  Mrs.  Fulhame;  but  I  shall  withhold  my  full  assent,  both 
to  her  explanation  and  to  any  I  could  give,  untiL  these  evident 
contradictions  can  in  some  way  be  further  elucidated. 

In  the  analysis  of  every  ore  in  which  the  metal  is  combined 
with  sulphur,  I  have  found  much  variation  in  the  quantity  of  the 
latter  which  may  be  obtained,  even  in  experiments  upon  the 
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same  specimen.  If  nitric  acid  is  used  not  sufficiently  strong^ 
part  of  the  ore  remains  untouched,  and  will  require  subsequent 
treatment,  always  disadvantageous  in  delicate  operations.  If 
the  acid  is  too  strong,  a  great  part  of  the  sulphur  is  converted 
into  sulphuric  acid ;  so  that,  in  either  case,  there  is  room  for 
error.  I  thought  that,  to  avoid  this,  (except  in  cases  where 
any  metal  which,  with  sulphuric  acid,  forms  an  insoluble  salt, 
was  present,)  strong  nitric  acid  might  be  used,  and  all  the  sul- 
phur converted  into  acid.  If  potash,  soda,  *  or  ammonia,  are 
used  as  precipitants  of  the  different  metals,  the  quantity  of 
sulphur  may  be  easily  ascertained.  I  took  a  given  weight  of 
sulphur,  and  converted  it  into  sulphuric  acid,  by  means  of 
nitric  acid.  I  then  neutralized  and  evaporated  it.  Nitrate  of 
barytes,  poured  in,  gave  a  precipitate  which,  in  one  experiment, 
indicated  a  proportion  of  sulphur  equal  to  14,4,  and  in  another 
to  14,6,  contained  in  one  hundred  of  sulphate  of  barytes.  A 
difference  so  trifling  need  not  be  regarded.  According  to 
M.  Lavoisier,  sulphuric  acid  contains  71  of  sulphur,  and 
so,  of  oxygen ;  and,  accordin  g  to  the  synoptic  tables  of  M. 
Fourcroy,  sulphate  of  barytes  contains  33  per  cent,  of  sul- 
phuric acid;  therefore,  by  this  calculation,  one  hundred  of  sul- 
phate of  barytes  contain  23,43  of  sulphur,  instead  of  1 4,4,  or 
14,6.  I  do  not  pretend  to  account  for  so  great  a  difference  in 
these  results but  that  very  difference  led  me  (by  exciting  me 
to  doubt  those  which  I  had  obtained,  and  inducing  me  to  fre- 
quent repetition,)  to  a  more  positive  conviction  of  the  proportions 

•  See  note  in  page  197. 

f  I  was  particularly  cautious  in  ascertaining  that,  during  that  experiment,  no 
sulphureous  acid  had  been  produced,  the  formation  of  which  would  have  easily 
accounted  for  any  difference. 
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I  have  mentioned.  M.  Lavoisier  obtained  his  proportions 
by  combustion ;  and,  admitting  even  that  nothing  was  lost,  it 
must  have  been  rather  difficult  to  obtain  the  sulphuric  acid 
in  a  state  proper  to  value  the  quantity.  Indeed  I  do  not  know  of 
any  direct  experiments  which  prove,  in  a  satisfactory  manner, 
that  we  have  ever  obtained  that  acid  perfectly  free  from  water ; 
unless  when  combined  with  an  earth,  or  an  alkali,  in  some  salt, 
and  that  salt  calcined  in  a  very  strong  red  heat. 

To  ascertain  the  quantity  of  metallic  arsenic  in  mispickel, 
arsenical  pyrites,  &c.  the  most  advantageous  method  is,  to 
acidify  it  by  nitric  acid,  and  then  to  combine  it  with  oxide  of 
lead.  This  arseniate  of  lead  (containing,  as  was  before  said, 
33,2  percent,  of  acid,)  may  be  estimated  to  contain  22  percent, 
of  metallic  arsenic.  If  both  sulphur  and  arsenic  are  present, 
lead  may  be  equally  serviceable,  after  both  have  been  acidified ; 
for  sulphate  of  lead  is  not  materially  soluble  in  any  acid;  whereas, 
on  the  contrary,  arseniate  of  lead  is  very  much  so. 

When  copper  and  iron  are  to  be  separated,  one  single  affu- 
sion of  ammonia  will  not  always  suffice.  That  two  may  be 
sometimes  necessary,  is  an  objection  to  the  method  I  propose,  for 
the  subsequent  ebullition  with  potash.  But,  when  I  use  that  of 
precipitating  the  copper  by  iron,  it  requires  no  previous  precipi- 
tation by  any  alkali.  It  is  sufficient  to  add  muriatic  acid  to  the 
original  solution  of  the  ore  in  nitric  acid,  and  evaporate  to 
dryness.  The  nitric  acid  is  dislodged  from  the  oxide  of  cop- 
per, and  the  muriatic  takes  its  place.  If  a  single  evaporation 
is  not  sufficient,  a  second  (for  the  operation  is  very  short,  and 
causes  no  loss  upon  filtres,  &c. )  may  be  attempted  ;  and,  when 
the  iron,  used  for  the  purpose  of  revivifying  the  copper,  is  put 
in,  the  liquor  may  be  made  to  boil ;  by  which  means,  the  process 
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is  rendered  much  more  certain  and  expeditious.  Some  iron 
will  necessarily  be  dissolved  ;  and  the  quantity  must  be  noted. 
The  liquor,  which  contained  muriate  of  copper  and  of  iron,  now 
contains  only  the  latter.  Boiled  with  a  little  nitric  acid,  it 
will  become  red  ;  and  then  ammonia,  or  potash,  will  give  a  red 
precipitate,  which,  well  washed  and  dried,  will  represent  61  per 
cent,  of  metallic  iron.  All  these  metals  having  thus  been  pre- 
cipitated, no  constituent  part  of  the  ore,  except  the  sulphur, 
which,  in  the  first  treatment,  had  been  converted  into  sulphuric 
acid,  is  contained  in  the  liquor;  and  from  it,  when  neutralized, 
this  latter  may  be  precipitated  by  nitrate  of  barytes,  which  will 
represent  14,6  per  cent,  of  sulphur.  The  absolute  necessity  of 
constantly  using  pure  alkalis,  in  this  method  of  analysis,  is  too 
evident  to  be  insisted  upon. 

GENERAL  VIEW  OF  THE  FOREGOING  ANALYSES. 

In  taking  a  retrospective  survey  of  the  experiments  above 
related,  upon  the  various  natural  arseniates  of  copper  which  we 
have  examined,  we  shall  find, 

First,  that  natural  arseniate  of  copper  exists  in  three  differ- 
ent states  of  combination  ;  the  first  containing  14,  per  cent,  the 
second  21  per  cent,  and  the  third  about  29  per  cent,  of  acid. 

Secondly,  that  each  of  these  may  contain  different  propor- 
tions of  water,  either  as  constituting  a  hydrate,  or  as  water  of 
crystallization. 

Thirdly,  that,  upon  losing  its  water,  arseniate  of  copper  will 
pass  from  blue  to  pale  green,  and  finally  to  brown,  as  in  No.  I. 

Fourthly,  that  No.  I.  is  the  only  real  arseniate  of  copper,  all 
the  others  being  arseniates  of  hydrate  of  copper. 
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Fifthly,  That  No.  I.  is  not  to  be  admitted  as  an  arseniate  of 
copper  containing  39,7  per  cent,  of  acid.  For,  if  we  put  it  on 
the  same  footing  with  the  others,  in  admitting  a  due  proportion 
of  water  into  its  composition,  we  shall,  by  calculation,  reduce 
it  to  that  class  containing  29  per  cent. 

Sixthly,  That,  in  beginning  with  that  kind  which  contains 
the  least  quantity  of  acid,  and  rising  progressively  to  that  which 
contains  the  greatest,  we  shall  find  the  order  to  be  thus : 

No.  VI.  contains  -  -  -  -  14  per  cent 
No.  V.  -  -  -  -  -  21  per  cent 
Nos.  I.  III.  and  IV.  -    -    -  ^percent. 

No.  II.  seems  to  be  a  particular  species.  It  consists  of  a 
much  greater  proportion  of  oxide,  with  a  less  quantity  of  water, 
(and  this  its  external  colour  announces,)  combined  with  nearly 
,  the  same  proportion  of  arsenic  acid.  Indeed,  if  certain  charac- 
ters did  not  speak  so  strongly  in  favour  of  this  division,  I  should 
not  have  hesitated  to  class  it  with  the  last  mentioned  kinds. 
But  it  is  found  in  many  states,  which  seems  to  indicate,  that  the 
water  is  by  no  means  in  the  same  degree  of  intimate  combi- 
nation that  it  is  in  the  others ;  and  this  alone  may  serve  to 
distinguish  it,  to  the  eye  of  the  mineralogist 

If,  to  the  above  natural  arseniates,  is  added  the  second  arti- 
ficial arseniate,  we  shall  have  another  proportion  of  acid,  at  the 
rate  of  40  per  cent.  Here  then  we  have  two  simple  substances, 
combined  in  four  different  proportions,  and  producing  seven 
distinct  combinations. 

But,  what  is  not  the  least  to  be  admired,  is  the  wonderful 
accordance  in  the  order  which  two  sciences,  operating  with  very 
different  instruments,  have  allotted  to  the  same  substances.  By 
hdccci.  f  f 
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that,  not  only  the  sagacity  of  Nature  becomes  very  striking; 
but,  from  the  acknowledged  accuracy  of  one  method  of  investi- 
gation, the  reliance  to  be  placed  upon  the  other  is  rendered  more 
conspicuous ;  arid  each  receives  additional  strength  and  confir- 
mation. Chymistry  has  long  been  in  the  habit  of  aiding  the 
science  of  mineralogy,  of  which  it  laid  the  foundation  ;  but  it 
was  not  till  lately,  that  crystallography  could  form  a  judgment 
of  its  own,  much  less  confirm  the  truth  of  the  source  from 
which  it  sprung. 

SECTION  II. 

ARSENIATES  OF  IRON. 

The  arseniates  of  iron  remain  now  to  be  examined .  Included, 
formerly,  among  arseniates  of  copper,  they  have  been  separated 
from  them,  upon  the  authority  of  chymical  analysis.  For,  al«- 
though  to  recognize,  by  external  character  and  form  in  all  their 
modifications,  substances  already  known,  is  particularly  the 
province  of  crystallography ;  yet  he,  who  would  expect  that  k 
should  declare  the  nature  of  those  substances  which  it  beholds 
for  the  first  time,  would  exact  more  than  it  ever  has  promised, 
or  ever  could  perform.  Among  fossils,  it  may  class,  and  find 
new  species ;  but  chymical  analysis  is  the  basis  of  all  arrange- 
ment, among  metallic  ores.  In  them,  to  separate,  is  the  task 
of  the  one ;  to  assign  a  place,  is  the  business  of  the  other. 

Cupreous  Arseniate  of  Iron,  * 
One  hundred  parts  of  this  arseniate,  exposed  to  a  low  red 

•This  species  had  been  mentioned  by  Mr.  Provst  j  but  in  a  manner  which,  as 
it  was  a  new  substance,  and  demanded  particular  attention,  does  not  give  all  the 
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Jieat,  lost  12,  which  were  pure  water.  Nitric  acid  was  poured 
upon  the  residuum ;  and,  finding  that  it  was  dissolved  with  diffi- 
culty, the  ebullition  was  continued  during  several  hours.  The 
liquor  was  then  filtered.  60  parts,  which  shall  presently  be  ex- 
amined, remained  undissolved.  Into  this  filtered  liquor,  nitrate 
of  lead  was  poured,  which  occasioned  a  precipitate  as  usual ; 
but  the  operation  was  discontinued,  until  I  should  obtain  all  the 
arseniate  of  copper  which  I  imagined  to  be  contained  in  the 
ore.  For  this  purpose,  I  had  recourse  to  the  (?o  parts  men*- 
tioned  above.  They  were  in  the  form  of  a  greenish  grey  pow- 
der, very  hard  and  gritty,  which  had  every  appearance  of  silica, 
contaminated  by  a  small  portion  of  copper  interposed  between 
the  molecules  of  that  earth.  I  resolved  to  treat  it  in  the  same 
manner  as  all  siliceous  stones,  and  proceeded  to  boil  it  with 
potash. 

In  less  than  three  minutes,  it  became  of  a  very  red  brown, 
from  the  greenish  grey  which  it  originally  was ;  and  seemed 
considerably  attenuated  in  its  particles.  The  liquor  was  de- 
canted, and  examined.  It  was  found  to  contain  arsenic  acid ; 
and  the  precipitate,  which  had  resisted  the  action  of  the  potash, 
was  proved  to  be  a  mixture  of  iron  and  copper. 

These  preliminary  experiments  were  sufficient  to  indicate  a 
ready  method  of  analysis.  100  parts,  boiled  with  potash,  imme- 
diately became  of  a  deep  reddish  brown.  The  liquor  was  sepa- 
rated from  the  residuum  by  filtration;  and,  after  the  usual 

t 

*    ■ .  1 

■* 

satisfaction  which  that  chymist  generally  affords.  No  doubt,  the  scarcity  of  the  ore 
prevented  his  making  every  necessary  research ;  and  I  may  de«m  myself  fortunate  iu 
having  been  so  near  the  spot  in  which  it  is  found.  My  friend*  Mr,  Hatchett,  very 
obligingly  gave  me  a  specimen  of  this  ora  which  he  had  received  from,  Dr.  Pallas, 
who  had  brought  it  with  him  from  Siberia,  where  it  had  been  found. 
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neutralization,  evaporation,  and  affusion  of  nitrate  of  lead,  (all 
of  which  operations  were  detailed  in  the  first  part  of  this 
Paper,)  gave  a  precipitate,  corresponding  to  35,5  of  arsenic 
acid.  The  first  residuum  weighed  53.  Dissolved,  as  far  as 
they  could  be,  in  muriatic  acid,  there  remained  3,  which,  upon 
examination,  were  found  to  be  really  silica.  Ammonia!  poured 
in  excess  into  the  muriatic  solution,  redissolved  32,5,  which 
were  copper ;  and  27,5  of  iron  remained  behind.  The  pro- 
portions were, 

Silica  ...  3 

Arsenic  acid   -      -      -  33,5 

Oxide  of  iron  ...  37,5 

Oxide  of  copper      -      -  22,5 

Water  -      -      -  12 

98,5 

None  of  these  experiments  were  sufficient  to  determine,  whe- 
ther this  ore  is  in  the  state  of  a  triple  salt,  or  merely  a  mixture 
of  two  arseniates.  As,  in  a  ternary  combination,  the  proportion 
of  acid  might  vary,  it  cannot  be  justly  called  in  to  aid  us  in  our 
enquiry.  The  solubility  of  one  part  of  the  ore  being  much 
greater  than  that  of  the  other,  and  in  different  quantities  of  each 
salt,  incline  more  to  the  opinion,  that  it  is  but  a  mixture. 

Simple  Arseniate  of  Iron, 

This  arseniate,  exposed  to  any  degree  of  heat,  gave  but  an 
unsatisfactory  result,  with  regard  to  the  quantity  of  water.  The 
arsenic  acid  is  volatilized  from  this  ore,  with  peculiar  facility,  for 
which  I  shall  attempt  hereafter  to  account. 
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Some  subsequent  experiments,  however,  have  induced  me  to 
fix  the  quantity  of  water  at  about  10,5. 

One  hundred  parts,  boiled  with  potash,  left  58,5.  The  liquor, 
treated  as  usual,  by  nitrate  of  lead,  gave  31  of  arsenic  acid.  The 
58,5  left  four,  which  muriatic  acid  could  not  dissolve,  and 
which  were  silica.  Ammonia  dissolved  9 ;  and  there  remained 
4,5,5  of  iron.  This  analysis  presents  the  following  result : 

Silica  4 

Arsenic  acid  -      m  31 

Oxide  of  iron      ...  45,5 

Oxide  of  copper  9 

Which  will  leave  for  Water  10,5 



ioo,a 

This  ore  appears  to  be  a  pure  arseniate,  mixed  accidentally 
with  a  little  copper;  as  some  of  the  copper  arseniates  casually 
give  traces  of  iron.  This  is  the  kind  mentioned  by  Mr. 
Klaproth,  as  an  arseniate  of  copper,  and  the  first  known  under 
that  denomination.  Heating  it  on  charcoal,  before  the  blow- 
pipe, he  perceived  a  smell  of  arsenic,  and,  at  length,  obtained 
a  metallic  button,  which  was  found  to  be  copper.  That  there 
is  copper  in  this  ore,  is  evident  from  analysis.  But  the  mere 
arsenical  smell,  was  not  a  sufficient  ground  to  assert  that  it  con- 
tained arsenic  acid ;  for  this  metal  might,  with  as  much  proba- 
bility, have  been  in  any  other  state.  If  indeed,  that  very  accu- 
rate and  able  analyst  had,  upon  trying  the  ore  with  the  blow-pipe 
in  a  platina  spoon,  perceived  no  fumes,  he  might  then  have 
concluded,  that  the  arsenic  must  be  in  the  state  of  acid,  and  that 
charcoal  was  necessary  to  operate  a  partial  reduction,  to  which' 
the  arsenic  owed  its  volatility  and  its  smell.  But  no  such  expe- 
riment is  reported. 
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It  is  also  rather  extraordinary,  that  Mr.  Gmelin  should  have 
taken  this  ore  out  of  the  class  of  arsenical  ores,  and  left  it  as 
an  unknown  species  of  copper ;  when,  in  fact,  it  is  an  arsenical 
ore,  but  not  an  arsenical  ore  of  copper. 

I  examined  some  crystals,  which  are  commonly  attached  to 
the  specimens  of  this  ore.  They  were  those  which,  according 
to  M.  De  Bournon,  are  in  a  state  of  decomposition.  By  this 
spontaneous  decay,  they  become  of  a  deep  brownish  red,  not 
unlike  the  substance  called  colcothar ;  but  they  still  retain  their 
cubic  form.  They  contain  a  little  acid  and  water,  owing  per- 
haps to  their  having  escaped  from  total  decomposition.  The 
same  theory  that  accounts  for  the  difficulty  of  ascertaining  the 
quantity  of  water,  will  account  for  the  red  colour  they  thus 
assume. 

When  green  sulphate  of  iron  is  exposed  in  a  crucible  to  a  red 
heat,  it  is  well  known  that  sulphureous  acid  is  disengaged  in 
great  quantities ;  and  that,  if  the  operation  is  continued  long 
enough,  there  remains  a  red  powder.  In  this  case,  the  green 
oxide  of  iron  has  taken  up  oxygen,  from  the  acid ;  and  this 
latter  has  been  partly  decomposed,  and  almost  totally  vola- 
tilized. Now,  in  the  species  here  spoken  of,  the  iron,  as  in  the 
green  sulphate,  is  in  the  state  of  green  oxide ;  therefore,  capa~ 
ble  of  receiving  an  additional  portion  of  oxygen.  But  arsenic 
acid  will,  at  a  high  temperature,  lose  a  part  of  its  oxygen,  and, 
retrograding  to  the  state  of  white  oxide,  will  be  volatilized; 
and  still  more  easily  will  those .  changes  take  place,  when 
oxide  of  iron,  ready  to  receive,  and  arsenic  acid,  ready  to  yield 
oxygen,  are  in  contact.  A  less  degree  of  heat,  therefore,  will 
suffice  to  drive  off  this  acid,  from  green  arseniate  of  iron,  than 
from  arseniate  of  copper.  But  we  must  not  from  this  conclude, 
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that  the  affinity  of  the  latter  metal  for  arsenic  acid  is  superior 
to  that  of  the  former;  for,  tlie  attraction  of  green  oxide  of  iron 
for  oxygen,  and  of  caloric  for  white  oxide  of  arsenic,  deter- 
mine a  new  order  of  divelling  affinities. 

But,  most  of  the  mineral  acids  that  have  been  tried,  have 
been  found  capable  of  uniting  with  iron  in  two  states ;  in  the 
state  of  green  oxide,  and  in  that  of  red  oxide,  the  residuary 
powder  above-mentioned.  I  was  desirous  to  know  whether  I 
could,  in  any  manner,  imitate  by  art,  the  last  natural  products 
I  have  examined,  as  I  had  already  imitated,  in  some  degree, 
an  arseniate  of  copper.  For  this  purpose,  I  decomposed  green 
sulphate  and  red  sulphate  of  iron,  by  arseniate  of  ammonia ;  and, 
having  well  washed  and  dried  the  precipitates*  proceeded  to 
examine  them. 

The  green  arseniate  was  acted  upon  by  heat,  in  the  same 
manner  as  the  natural  one,  and  exhibited  the  same  appearances. 
By  the  usual  methods,  i  found  its  proportions  to  be, 
Oxide  of  iron     -  43 
Arsenic  acid      -  38 
Water      ...       -  19 

100 

This  is  not  the  same  proportion  of  acid  that  is  contained  in 
the  natural  arseniate ;  however,  I  state  them  both  as  I  found 
them.  The  other  artificial  arseniate,  which  is  of  a  pale  greenish 
red,  afforded, 

Red  oxide  of  iron  -  36,5 
Arsenic  acid  -  -  -  41,5 
Water    -----  20,0 

98,0 
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These  salts  agree  with  the  generality  of  the  known  salts  of 
iron ;  all  of  which  contain  a  greater  quantity  of  oxide,  as  the 
oxide  itself  contains  less  oxygen. 

By  boiling  with  nitric  acid,  it  was  easy  to  convert  the  green 
arseniate  of  iron  into  the  red ;  and  such  is  the  case  with  all 
the  salts  of  green  oxide  of  iron.  As,  during  the  course  of 
these  experiments,  I  had  occasion  to  make  some  remarks  upon 
the  divers  habitudes  of  this  metal,  which,  as  far  as  I  know,  have 
not  all  been  observed,  I  shall  terminate  the  whole  of  these  ana- 
lyses (as  I  have  already  done  that  part  of  them  which  treats 
of  arseniate  of  copper  in  all  its  known  varieties)  by  simply 
stating  what  has  occurred  to  me. 

I  happened  to  boil  some  muriatic  acid  upon  a  greater  quan- 
tity of  iron  than  the  acid  could  dissolve.  I  found  a  perfectly 
limpid  and  colourless  liquor  remain,  which,  nevertheless,  was  a 
solution  of  muriate  of  iron.  This  colourless  liquor  being  decom- 
posed by  arseniate  of  ammonia,  the  precipitate  was  of  a  greenish 
white,  and  soluble  in  a  great  quantity  of  water ;  but,  passing  to 
a  much  deeper  green,  quickly  fell  to  the  bottom.  A  prussiate, 
or  a  gallate,  poured  into  the  said  solution,  occasioned  no  change, 
till  it  had  stood  a  considerable  time  exposed  to  the  contact  of 
the  air.  By  potash,  and  by  soda,  a  white  precipitate  was  thrown 
down,  which  quickly  assumed  a  green  tinge;  and  that  tinge 
increased  so  much  as  to  become  a  very  deep  grass  green,  in  a  few 
minutes.  Ammonia  occasioned  a  white  precipitate,  which  was 
redissolved  by  an  excess  of  the  precipitant.  The  ammoniacal 
solution  assumed  the  same  greenish  tinge,  and  speedily  de- 
posited an  oxide  of  iron,  which  was  first  of  a  deep  green,  but 
instantaneously  became  black,  with  some  yellowish  ochrey 
particles  on  the  surface.  If,  however^  these  precipitations  were 
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effected  in  a  bottle  well  stopped,  and  defended  from  the  contact 
of  the  atmosphere,  no  change  of  colour  took  place ;  and  that 
portion  which  was  dissolved  by  an  excess  of  ammonia  remained 
in  the  solution.  In  endeavouring  to  distil,  or  to  evaporate,  the 
water  of  this  colourless  solution,  in  order  to  obtain  crystals,  it 
became  of  a  light  green,  the  intensity  of  which  augmented,  as 
the  distillation  was  continued.  I  could  not,  therefore,  hope  to 
procure  this  salt  in  a  crystalline  form.  Hence,  it  is  evident, 
that  we  have  a  white  muriate  of  iron,  which,  as  well  as  the 
oxide  it  contains,  is  very  susceptible  of  assuming  an  addition  of 
oxygen ;  for,  to  that  alone  I  attribute  the  precipitation  caused  in 
a  solution  of  that  salt,  into  which  the  different  reagents  above- 
mentioned  had  been  poured ;  a  precipitation  which  did  not  take 
place,  till  after  it  had  been  exposed  in  a  situation  where  it  could 
absorb  the  quantity  of  oxygen  necessary  to  produce  a  change  in 
its  principles. 

This  solution  of  white  muriate  of  iron,  when  exposed  to  the 
air,  becomes  green,  and  is  then  in  the  state  of  green  muriate,  well 
known.  At  a  certain  degree  of  oxidation,  I  have  observed  the 
precipitate  formed,  to  be  soluble  in  the  carbonates  of  potash  and 
of  soda,  and  still  more  so  in  that  of  ammonja ;  but,  upon  ab- 
sorption of  oxygen,  to  be  quickly  abandoned  by  them,  and  then 
to  fall  to  the  bottom,  in  a  blackish  powder  mixed  with  yellow. 
If,  into  a  solution  of  green  muriate  of  iron,  nitric  acid  is  poured, 
both  liquors  being  cool,  and  not  too  concentrate,  the  muriate 
will  become  of  a  blackish  brown,  not  unlike  malate  of  iron. 
Precipitated  by  the  alkalis,  it  yields  a  black  powder,  no  longer 
soluble  in  them ;  but  which  resembles,  in  every  respect,  com- 
mon black  oxide  of  iron. 

If  this  green  muriate  of  iron  is  further  exposed  to  the  air, 
mdccci.  G  g 
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the  liquor  becomes  red,  but  still  gives  a  blackish  green  precipi- 
tate ;  but,  if  it  is  boiled  with  nitric  acid,  it  then  is  converted  into 
a  red  liquor,  which  yields  a  red  precipitate,  by  all  the  alkalis  and 
earths  capable  of  causing  a  precipitation.  From  these  observa- 
tions, upon  the  different  combinations  of  iron  with  oxygen, 
and  of  oxide  of  iron  with  muriatic  acid,  some  conclusions  may 
be  drawn,  interesting  to  mineralogy  as  well  as  to  chymistry. 
The  variety  of  colour  in  many  stones  in  which  iron  has 
been  found,  is  a  fact  which,  although  we  cannot  deny  our  as- 
sent to  direct  experiments,  has  never  been  accounted  for  in  a 
satisfactory  manner.  In  white,  green,  yellow,  black,  red,  in  a 
word,  in  fossils  of  every  colour,  iron,  with  sometimes  the  help  of 
manganese,  and  lately  of  chromium,  has  been  regarded  as  the 
colouring  matter  of  every  shade;  but  it  seems  almost  para- 
doxical, that  the  same  substance  should  assume  and  communi- 
cate so  many  tints.  In  mica,  kaolin,  amianthus,  asbestos,  rock 
crystal,  and  all  white  stones,  I  believe  it  to  exist  as  the  white 
oxide ;  and  that  state  is  its  first  degree  of  combination  with 
oxygen.  In  them,  this  metal  is  not  very  abundant ;  for,  if  it  were, 
I  have  some  reason  (as  shall  be  proved  immediately)  to  think, 
that  they  would  ©bey  the  loadstone  strongly.  In  lapis  ollaris, 
serpentines,  and  many  green  stones,  we  have  the  green  oxide; 
and  most  of  these  are  magnetic  ;  nay,  as  Mr.  Humboldt 
has  observed,  serpentines  enjoy  the  property  of  polarity.  And 
thence  I  conclude,  that  the  rarity  of  this  metal,  in  the  first  class, 
prevents  them  from  participating  that  quality.  This,  I  believe, 
to  be  its  second  stage  of  combination  with  oxygen.  In  the 
state  of  black  oxide,  it  is  frequently  found,  and  is  too  well 
known  to  need  further  comment.  I  believe  this  to  be  its  third 
stage  of  oxidation.  But  there  is  a  red  liquid  muriate,  which  gives 
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a  very  dark  greenish  precipitate,  approaching  to  dark  brown. 
What  the  state  of  that  precipitate  is,  I  have  not  yet  determined ; 
but  I  imagine  it  to  be  a  mixture  of  black  and  red.  Brown  and 
yellow  oxides,  I  am  confident,  are  mixtures  of  simple  oxides, 
and  neither  of  them  is  an  oxide  sui  generis.  The  red  oxide  is 
the  extreme  of  oxidation ;  and  affords  many  beautiful  colours  in 
nature  and  in  art. 

It  is  much  to  be  desired,  for  the  advancement  of  analytic 
chymistry,  that  experiments  upon  the  proportions  of  oxygen 
with  which  metals  are  capable  of  uniting,  under  different  circum- 
stances, and  upon  the  combination  of  those  oxides  with  all  the 
known  acids,  together  with  many  others  of  their  properties, 
would  attract  the  notice,  and  engage  the  labours,  of  accurate 
manipulators.  Experiments  of  this  kind  have  been  despised, 
from  an  idea  of  their  resembling  a  mere  mechanical  employ- 
ment; but,  so  far  is  that  from  the  truth,  they  may  justly  be 
considered  among  the  most  difficult  problems  of  chymistry ; 
and  it  is  only  from  the  rigid  and  constantly  similar  results  of 
such  experiments,  that  we  can  hope  to  attain  an  intimate  know- 
ledge of  the  principles  with  which  nature  has  originally  operated. 

1 

SECTION  III. 

ANALYSIS  OF  THE  RED  OCTAEDRAL  COPPER  ORE,  IN  WHICH  THE 
METAL  EXISTS  IN  A  STATE  HITHERTO  UNKNOWN  IN  NATURE. 

In  the  course  of  the  experiments  which  have  been  stated  in 
the  preceding  sections,  I  have  had  occasion  to  examine  a  ^great 
number  of  copper  ores,  and  particularly  of  copper  ores  from 
Cornwall ;  but,  the  only  one  which  has  afforded  any  interesting 
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results,  is  the  well  known  species  called  red  copper  ore,  crys- 
tallized in  regular  and  brilliant  octaedrons.  It  has  been  so  long 
known,  and  so  often  mentioned  by  mineralogists,  that  it  may 
excite  our  wonder  when  we  reflect,  that  its  chymical  nature  has 
never  been  ascertained.  For  it  would  be  an  injustice  to  that 
very  accurate  and  scrupulous  analyst,  M.  Vauquelin,  to  sup- 
pose, that  he  meant  to  pronounce  decidedly  upon  that  point,  by 
the  single  experiment  which  he  had  made,  *  and  which  is  men- 
tioned by  the  Abb6  Hauy,  in  a  short  extract  of  his  crystallo- 
graphical  arrangement  of  mineral  substances,  published  in  the 
Journal  des  Mines. 

Rome'  de  Lisle,  the  Baron  de  Born,  Lametherie,  the  Abbe* 
Hauy,  and  indeed  every  other  mineralogist,  concur  in  calling 
this  substance  red  calx  of  copper ;  but  some  of  them  assert, 
that  it  contains  a  portion  of  carbonic  acid.  Among  the  many 
analyses  which  have  been  made  of  this  ore,  by  Fontana, 
Monnet,  de  Born,  Renovantz,  and  others,  I  could  not  find 
one,  that  in  the  proportions,  or  even  in  the  ingredients,  resem*- 
bled  what  I  had  found  to  be  its  contents.  The  highest  amount 
of  copper,  (that  given  by  Fontana,)  does  not  exceed  66  per 
cent,  and  is  far  short  of  the  real  quantity.  The  remainder,  as 
he  states,  consists  of  water,  and  of  pure  and  fixed  airs.  The 
difference  in  the  results  I  had  obtained,  together  with  some  new 
facts,  which  I  had  occasion  to  observe  during  my  experiments, 
induces  me  to  treat  the  subject  at  some  length ;  referring  for  its 
external  characters,  to  those  mineralogists  above  mentioned, 
who  have  amply  described  the  ore,  and  confining  myself  entirely 
to  its  chymical  analysis,  and  some  analogous  experiments. 

*  He  merely  poured  muriatic  acid  upon  the  ore ;  and,  as  it  was  entirely  dissolved, 
without  effervescence,  concluded  it  to  be  an  oxide,  and  not  a  carbonate,  of  copper. 
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One  hundred  parts  of  very  pure  and  regularly  crystallized 
red  copper  ore  were  reduced  to  a  fine  powder,  and  dissolved, 
without  the  assistance  of  heat,  in  nitric  acid. 

During  the  operation,  a  very  violent  effervescence,  accom- 
panied by  a  disengagement  of  nitrous  gas,  unusually  copious 
and  rapid,  took  place.  When  these  phenomena  had  subsided, 
the  solution  was  blue,  like  every  other  nitrate  of  copper;  and 
the  ore  had  entirely  disappeared.  The  liquor,  perfectly  limpid,  was 
evaporated  to  dryness :  muriatic  acid  was  poured  in ;  and  the  nitric 
acid  was  expelled,  by  a  second  evaporation.  Into  the  muriate  of 
copper,  which  remained  behind,  a  plate  of  polished  iron  was 
immersed,  which,  after  the  usual  phenomena,  gave  a  precipitate, 
that  was  found,  upon  examination,  to  be  copper,  and  amounted 
to  88,5.  In  order  to  complete  the  hundred  parts,  it  would 
be  necessary  to  add  1 1,5.  But  fire  expelled  from  the  ore  neither 
water  nor  any  other  volatile  substance ;  nor  did  the  weight  of  a 
given  quantity  appear  either  to  diminish  or  to  increase,  by  long 
exposure  to  a  moderately  elevated  temperature.  The  only  oxide 
of  copper  with  which  I  was  acquainted,  as  existing  in  nature, 
contains  20  per  cent  of  oxygen.  I  had  therefore,  8,5  of  copper 
exceeding  the  quantity  I  should  have  obtained,  had  the  ore  been 
wholly  composed  of  black  oxide  of  copper.  And,  on  the  other 
hand,  as  I  had  convinced  myself,  that  no  loss  of  weight  had 
been  occasioned  by  any  part  of  the  metal  remaining  unprecipi- 
tated  by  the  iron  from  its  solution,  I  could  not  conclude  the  ore 
to  be  in  the  state  of  native  copper.  I  was  led,  therefore,  ta 
imagine,  that  it  might  be  a  mixture  of  those  two  substances ;  and 
that  muriatic  acid,  by  dissolving  the  one,  and  leaving  the  other 
untouched,  would  be  the  most  effectual  means  of  producing 
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the  separation  I  desired,  and  of  determining  the  proportion 
of  each. 

Upon  100  parts  of  the  ore,  a  sufficient  quantity  of  strong 
muriatic  acid  was  poured.  A  total  solution  was  effected,  accom- 
panied with  disengagement  of  caloric.  The  liquor  was,  at  first, 
of  a  very  deep  brown,  approaching  somewhat  to  the  tinge 
which  water  will  receive,  when  strongly  impregnated  with  the 
colouring  matter  of  dried  vegetable  substances ;  but,  upon 
being  exposed  to  the  air,  and  boiled  some  time,  it  became  like 
every  other  muriate  of  copper;  and  a  plate  of  polished  iron 
precipitated  88  of  metallic  copper.  From  this  last  experiment 
it  was  evident,  that  no  metallic  copper  was  contained  in  the 
ore.  But  still  the  deficit,  to  be  supplied  by  oxygen,  amounted 
to  no  more  than  12;  while  the  copious  disengagement  of  nitrous 
gas,  in  the  first  experiment,  indicated  that  the  metal  was  not  at 
its  maximum  of  oxidation;  and  the  rapidity  with  which  it 
seized  upon  an  addition  of  oxygen,  sufficiently  shewed,  how 
strong  was  the  affinity  of  that  principle  for  copper,  in  that 
particular  state  in  which  it  exists  in  the  ore. 

I  imagined  it  would  be  expedient  to  attempt  some  precipi- 
tations by  other  reagents,  and  make  some  further  experiments. 
For  this  purpose,  I  dissolved  some  more  of  the  ore  in  strong 
muriatic  acid ;  and,  when  I  thought  that  the  acid  had  taken  up 
as  much  as  it  could  contain,  and  that  the  colour  had  arrived  at 
its  deepest  tinge,  I  gently  drew  off  the  clear  liquor,  using  all  the 
precaution  which  the  nature  of  the  experiment  allowed,  to  pre- 
serve it  from  the  contact  of  the  atmosphere,  and  proceeded  to 
examine  it.  Knowing  this  solution  of  muriate  of  copper  to  be 
very  concentrate,  I  attempted  to  dilute  it ;  but,  what  was  my 
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surprise,  when,  upon  the  first  affusion  of  water,  I  saw  the  liquor 
become  turbid  and  milky,  and  a  very  abundant  heavy  precipi- 
tate, of  a  white  colour,  fall  to  the  bottom. 

Struck  with  the  novelty  of  this  appearance,  I  proceeded  to 
collect  as  much  of  the  substance  as  I  could,  in  order  to  give 
it  a  thorough  examination.  For  this  purpose,  I  decanted  the 
supernatant  liquor,  and  continued  to  wash  the  precipitate. 
Upon  every  subsequent  addition  of  water,  I  perceived  that 
the  precipitate  lost  a  little  of  its  whiteness,  and  drew  towards 
an  orange  colour,  not  unlike  the  precipitates  of  platina.  I 
soon  found,  therefore,  that  by  this  method  I  had  no  chance  of 
obtaining,  in  a  permanent  and  constant  state,  this  muriate  of 
copper,  fit  to  be  subjected  to  experiments  proper  to  determine 
its  internal  nature  and  proportions.  I  then  attempted  to  make 
use  of  alcohol,  as  precipitant,  instead  of  water  ;  but  I  found  the 
salt  to  be  soluble  in  it,  when  the  excess  of  acid  necessary 
for  its  solution  in  water  was  present.  Nor  was  I  more  success- 
ful, when,  after  having  precipitated  by  water,  I  washed  with  al- 
cohol ;  for  the  colour  of  the  salt  passed  gradually  from  very 
white  to  a  shade  of  orange ;  less  rapidly,  it  is  true,  in  this  case, 
but  still  so  as  to  convince  me,  that  I  could  not  even  thus  pro- 
cure, in  a  state  constantly  similar,  the  salt  I  wished  to  examine. 
The  only  conclusion  which  all  these  experiments  entitled  me 
to  draw,  was  that,  in  the  first  instance,  water  precipitated  the 
muriate  of  this  particular  oxide  of  copper  from  its  solution,  but 
in  a  manner  very  different  from  that  in  which  muriate  of  anti- 
mony, of  bismuth,  and  some  other  metallic  salts  are  acted  upon. 
When  into  either  of  these  muriates  water  is  poured,  a  preci- 
pitate ensues,  but  it  retains  a  very  small  portion  of  acid,  if  any  ; 
whereas,  in  the  case  before  us,  it  is  a  salt,  and  not  an  oxide  of 
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copper,  that  is  thrown  down.  In  order  to  effect,  in  this  salt,  a 
decomposition  similar  to  that  which  takes  place  in  muriate  of 
bismuth,  or  of  antimony,  it  is  necessary  to  draw  off  the  first 
liquor,  and  then  proceed  to  wash  copiously.  The  precipitate 
will  by  degrees  assume  an  orange  colour,  which,  as  we  shall 
presently  see,  is  the  real  appropriate  colour  of  this  oxide  of 
copper,  prepared  in  the  humid  way. 

It  is  evident  also,  from  this  precipitation,  that  this  oxide  of 
copper  combines  with  muriatic  acid  by  a  very  slender  affinity. 

As  it  did  not  appear  to  me,  that  I  should  obtain  any  thing 
very  satisfactory  from  this  combination  with  muriatic  acid,  I 
resolved  to  try  some  other  acids.  Sulphuric,  phosphoric,  oxalic, 
citric,  acetic,  tartareous,  and  acetous  acids,  were  each  poured 
upon  known  quantities  of  the  ore,  and  kept  in  bottles  com- 
pletely filled  and  well  stopped,  in  order  to  prevent  any  absorp- 
tion of  atmospheric  oxygen.  The  liquors  generally  became 
blue;  and,  upon  trial,  were  found  to  contain  the  common  and 
well  known  salts  of  copper,  composed  of  the  respective  acid,  and 
the  oxide  of  copper  containing  so  per  cent,  of  oxygen ;  while 
a  large  portion  of  the  ore  appeared  to  remain  in  its  original  state. 
But,  as  I  was  certain,  that  there  could  be  no  decomposition  in 
most  of  these  acids,  under  the  above  circumstances,  and  more- 
over, that  no  oxygen  could  be  taken  in  from  the  atmosphere,  it 
became  a  matter  of  no  smallinte  rest,  to  examine  from  what 
source  the  metal  dissolved  had  acquired  the  necessary  quan- 
tity of  ox}'gen  to  favour  its  solution,  and  afford  the  usual  salt 
of  copper,  in  which  it  is  oxidated  in  the  proportion  of  20  per 
cent. 

I  repeated,  with  all  the  above  acids,  the  experiments  tending 
to  satisfy  tliat  enquiry ;  but,  as  the  results  from  all  were  nearly 
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similar,  I  shall  mention  that  only  which  proved  to  be  the  most 
ample,  and  the  most  conclusive. 

One  hundred  parts  of  the  pulverised  ore  were  introduced 
into  a  small  phial,  and  dilute  phosphoric  acid  was  poured  in,  so 
as  to  fill  it.  A  ground  stopper  closed  it  completely ;  and,  in 
that  state  it  was  suffered  to  remain  three  days,  during  which 
time  the  bottle  was  frequently  shaken.  The  acid  became  at  first 
of  a  light  blue,  and  increased  in  colour  by  remaining  upon  the 
ore.  At  the  expiration  of  the  above  term,  the  liquor  was  de- 
canted ;  the  residuum  was  well  washed  and  dried,  and  weighed 
42.  The  blue  liquor  contained  merely  common  phosphate  of 
copper,  held  in  solution  by  an  excess  of  acid.  Upon  the  4,2 
parts  of  residuum,  strong  muriatic  acid  was  poured,  which  did 
not  appear  to  produce  the  smallest  change  or  effect.  It  was 
evident,  therefore,  that  some  previous  alteration  had  been  pro- 
duced ;  for,  if  it  had  remained  in  its  original  state,  muriatic  acid 
would  have  acted  upon  it,  as  in  the  case  already  mentioned. 
To  operate  more  effectually,  nitric  acid  was  added,  and  the 
whole  gently  heated.  A  complete  solution  followed,  during 
which,  much  nitrtfus  gas  was  disengaged.  The  remainder  of 
the  nitric  acid  was  expelled  by  evaporation ;  and  a  plate  of 
polished  iron,  immersed  in  this  muriate  of  copper,  afforded  a 
precipitate  of  metallic  copper,  weighing  within  one  part  as  much 
as  the  weight  of  the  first  residuum.  It  was  evident,  therefore, 
that  a  partial  reduction  of  the  ore  had  taken  place;  and,  what 
is  still  more  strange,  had  taken  place  by  means  of  the  presence 
of  an  acid. 

In  many  observations  which  have  presented  themselves,  in 
the  course  of  various  analytic  experiments,  something  similar 
had  before  occurred  to  me.  I  have  known  metallic  oxides  yield 
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a  part  of  their  oxygen,  one  to  the  other,  in  favour  of  some 
particular  solvent.  When  the  metallic  oxide  A,  for  instance, 
containing  25  per  cent,  of  oxygen,  is  in  contact  with  the  metal- 
lic oxide  B,  containing  10  per  cent,  they  will  each  remain  qui- 
escent in  their  respective  states.  But,  if  the  solvent  C  comes  to 
be  added,  and  if  the  substance  J3,  at  10  per  cent,  of  oxygen, 
has  no  affinity  for  C,  but  at  15  or  20  per  cent,  has  a  very  pow- 
erful affinity  for  it,  then  may  the  oxide  A  lend  a  part  of  its 
oxygen,  in  order  to  favour  the  combination  of  £,  at  15  or  90  per 
cent,  with  the  solvent  C.  Indeed,  as  soon  as  I  saw  the  phosphoric 
acid  assume  gradually  a  blue  tinge,  and  the  undissolved  pow- 
der begin  to  wear  a  more  brilliant  appearance,  I  imagined  1 
should  not  fail  to  recognize  the  same  fact  in  this  case.  When 
phosphoric  acid  has  remained  long  enough  upon  the  pulverized 
ore  to  dissolve  all  it  can,  the  oxygen  is  concentrated,  as  it  were, 
to  the  amount  of  20  per  cent,  in  the  part  which  is  dissolved ; 
and  all  that  which  could  not  be  dissolved  has  (through  the  two- 
fold affinity  of  copper  for  oxygen,  to  the  amount  of  20  per  cent, 
and  of  phosphoric  acid  for  that  oxide  of  copper,  at  that  degree 
of  oxidation,)  yielded  up  its  entire  share  of  oxygen,  to  favour 
the  combinations  which  take  place  in  a  new  order,  the  only  one 
which  can  exist  among  the  substances  now  present.  It  is,  there- 
fore, to  the  disposing  affinity,*  caused  by  the  presence  of  the 
phosphoric  acid,  which  seeks  to  combine  with  black  oxide  of 
copper,  that  the  reduction  of  42  per  cent,  of  this  ore  is  entirely 

•  As  the  term  predisposing  qffinity  has  been  objected  to,  I  have  used  the  term  </«- 
posing,  which  I  trust  will  not  bethought  improper.  When  in  two  bodies  which,  while 
together)  remain  in  their  original  state,  the  equilibrium  of  their  principles  comes  to 
be  broken  by  the  presence  of  a  third,  we  cannot  but  allow,  that  it  is  this  third  which 
has  disposed  them  to  the  rupture  of  that  equilibrium;  and,  most  certainly,  be  the  fact 
explained  as  it  may,  whatever  disposes  may  be  called  disposing. 
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to  be  attributed.  All  the  acids  above  mentioned  are  capable  of 
producing  the  same  change,  but  in  a  manner,  perliaps,  not  quite 
so  distinct  or  satisfactory. 

From  the  foregoing  experiments  it  appears,  that  copper  ex- 
ists in  this  ore  in  a  state  hitherto  unknown  in  nature ;  and  that 
it  contains  much  less  oxygen  than  has  ever  been  suspected  in  any 
oxide  of  copper;  for,  from  the  quantity  which  was  precipitated 
in  the  metallic  state  by  iron,  it  appears  to  be  combined  in  the 
proportion  of  about  11,5  per  cent.  To  confirm  this  idea,  and 
ascertain  as  nearly  as  I  could  the  precise  quantity,  I  dissolved 
100  parts  in  nitric  acid ;  then  boiled  with  potash,  and  filtered. 
One  hundred  and  eleven  remained  upon  the  filter,  which,  as  they 
had  combined  with  a  new  portion  of  oxygen  from  the  nitric 
acid,  were  in  the  state  of  black  oxide,  and  correspond  exactly  to 
88,75 ;  so  that  I  believe  I  shall  be  within  one  per  cent,  of  the 
truth,  in  asserting  the  proportions  to  be, 

Copper     -  -  88,5 

Oxygen    -  -  11,5 

100,0 

When,  into  a  solution  of  muriate  of  suboxide  of  copper,  liquid 
potash  or  soda  is  poured,  a  bright  yellow  precipitate,  not  unlike 
the  precipitate  of  platina,  takes  place.  This  precipitate  differs 
only  in  colour  from  the  original  ore  ;  for  it  is  soluble  in  muriatic 
acid,  and  affords  the  same  solution  and  precipitation  by  water, 
and  the  same  appearance  with  alcohol.  It  is  likewise  soluble  in 
nitric  acid,  but  with  disengagement  of  nitrous  gas,  and  gives 
the  same  appearances  with  the  other  acids  above  enumerated. 
The  difference  of  colour  seems  to  arise  merely  from  the  tenuity 
of  its  molecules,  compared  to  the  mechanical  pulverisation  of 
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the  natural  oxide.  When  alone  and  dry,  it  is  much  more  per- 
manent in  its  nature,  than  when  combined  with  muriatic  acid ; 
but  any  part  of  it  that  happens  to  be  in  contact  with  a  filter, 
becomes  green,  and  then  blackish,  leaving  a  mark  of  the  same 
shade  upon  the  paper.  Were  it  not  for  this  property  of  chang- 
ing, it  might  be  of  use  in  the  art  of  painting ;  for  the  colour  is 
extremely  beautiful,  and  would  be  highly  valuable,  if  durable. 

The  precipitate  caused  in  the  muriate  of  copper,  by  the  car- 
bonates of  potash  and  soda,  is  of  a  brighter  yellow,  and  is  a  real 
carbonate  of  suboxide  of  copper.  But,  if  ammonia  is  poured,  at 
first  in  a  small  quantity,  into  the  above  solution,  the  precipitate 
is  blue;  and,  upon  adding  an  excess  of  the  precipitant,  the 
whole  is  redissolved,  and  the  liquor  is  like  any  other  ammoniacal 
solution  of  copper. 

In  order,  however,  to  determine  in  what  state  the  copper  was 
dissolved  by  that  alkali,  I  poured  some  ammonia  upon  100  parts 
of  this  suboxide,  in  a  well-closed  phial.  The  liquor  became  blue; 
and  I  expected  to  find  that  part  of  the  ore  had  been  reduced, 
as  with  phosphoric  acid ;  but  the  residuum  was  entirely  soluble 
in  muriatic  acid,  with  the  usual  phenomena. 

A  spirituous  tincture  of  galls,  poured  into  muriate  of 
suboxide  of  copper,  afforded  no  precipitate,  owing,  I  suppose, 
to  the  excess  of  acid ;  but,  sulphurated  hydrogen  gas  threw 
down  a  black,  and  prussiate  of  ammonia  a  lightish  brown, 
precipitate. 

I  endeavoured  to  obtain  muriate  of  suboxide  of  copper,  by 
evaporation,  and  by  distillation  in  a  retort ;  but,  as  I  could  per- 
ceive the  liquor  constantly  assume  a  bluish  tinge,  I  could  not 
reckon  upon  the  purity  of  the  salt,  sufficiently  to  submit  it  to 
analysis. 
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Such  were  the  principal  experiments,  which  the  fleeting  and 
precarious  existence  of  the  salt  allowed  me  to  make  upon  it. 
But,  from  some  properties  which  I  had  remarked,  I  could  per- 
ceive that  this  ore  was  a  natural  oxide  of  copper,  nearly  in  the 
same  state  as  that  artificial  oxide  which  M.  Proust  had 
found  in  the  white  muriate  of  copper,  obtained  by  pouring  a 
recent  solution  of  muriate  of  tin  into  a  solution  of  muriate  of 
copper. 

If,  however,  by  the  very  nature  of  the  substance,  {which,  as 
I  saw  it  ever  changing,  I  thought  it  would  be  loss  of  time  to 
examine  farther,)  I  have  been  turned  aside  from  more  certain 
results  I  have  been  more  successful  in  imitating  by  art  the 
state  of  this  natural  product. 

By  exposing  oxide,  hydrate,  or  carbonate  of  copper,  without 
addition,  to  a  violent  heat,  in  an  open  crucible,  I  frequently 
obtained  the  suboxide,  which  then  presented  all  the  properties 
already  recognized  in  the  above  species  of  copper  ore.  In  one 
instance,  I  so  far  succeeded,  that,  upon  the  very  first  inspection, 
the  well  experienced  eve  of  the  Count  de  Bournon,  recognized 
a  lump  of  it  to  be  a  mass  of  semi-fused,  artificial,  red  copper  ore. 

But  I  have  found  a  method  of  producing  at  pleasure,  in  the 
humid  way,  all  the  new  salts,  and  the  oxide  above  described. 
As  I  had  found  about  11,5  per  cent,  of  oxygen  to  be  the  quan- 
tity contained  in  the  ore,  I  took  that  quantity  of  black  oxide  of 
copper  which  corresponded  to  11,5  of  oxygen;  (.57., 5  of  black 
oxide  was  the  proportion  thus  indicated;)  on  the  other  hand,  I 
took  50  n  irts  of  metallic  copper,  which  had  been  precipitated 
by  iron  from  muriate  of  copper,  and  which  was  in  a  state  of 
tenuity  not  inferior  to  the  finest  powder.  These  were  well 
mixed,  by  trituration  in  a  mortar,  and  put,  with  muriatic  acid, 
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small  mixture  of  any  disoxidating  substance  would,  in  a  short 
time,  reduce  immense  quantities. 

From  the  foregoing  experiments  we  may  perceive,  into  how 
many  errors  we  may  be  drawn,  if,  in  arguing  from  the  re- 
sults which  we  obtain,  we  pronounce  too  hastily  upon  the 
state  in  which  a  substance  exists,  in  the  subject  of  any  analysis. 
After  what  has  been  shewn,  with  regard  to  the  action  of  muri- 
atic acid  upon  a  mixture  of  metallic  copper  and  black  oxide 
of  copper,  both  reduced  to  powder,  and  of  the  action  of  phos- 
phoric acid  upon  the  ore  itself,  it  may  be  still  a  doubt,  whether 
this  ore  is  really  a  suboxide,  or  a  mixture  of  metallic  copper 
and  oxide  of  copper,  at  20  per  cent,  of  oxygen.  But,  as  similar 
proportions  of  both,  after  having  been  made  red  hot,  presented 
all  the  properties  and  appearances  of  the  ore,  much  more 
strongly  than  when  simply  mixed,  it  is  fair  to  conclude,  that 
it  is  a  real  suboxide.  Had  not  muriatic  acid  been  used,  the  na- 
tural conclusion  would  have  been,  that  the  ore  was  a  mixture, 
or  at  most  a  combination,  of  these  two  substances ;  for,  such 
did  it  appear  to  be,  by  the  testimony  of  the  other  acids.  The 
truth  is,  we  are  but  little  acquainted  with  the  exact  state  in 
which  substances  exist,  in  many  natural  combinations.  How- 
ever, in  the  mineral  kingdom,  such  fallacious  conclusions  are 
less  frequently  to  be  dreaded,  than  in  the  vegetable  and  animal 
kingdoms.  But,  in  every  research,  it  is  important  to  leave  as 
little  room  for  them  as  possible ;  and  he  who  would  indicate  a 
sure  and  constant  method  of  ascertaining  whether,  in  many 
cases,  what  we  deem  a  component  part  is  not  in  fact  a  product 
of  the  operation,  would  render  to  science  a  service,  the  real 
value  of  which  is,  perhaps,  not  now  entirely  foreseen. 


Digitized  by  Google 


METEOROLOGICAL  JOURNAL, 

KEPT  AT  THE  APARTMENTS 

or  TUB 

ROYAL  SOCIETY, 

BY  OtDER.  OF  THE 

PRESIDENT  AND  COUNCIL. 


Digitized  by  Google 


C  •  3 


METEOROLOGICAL  JOURNAL 

for  January,  1800. 


1800. 


Six't 
Therm, 
least  and 
greatest 

Heat. 


Jan.  I 
2 

3 
+1 
5 
6 

7 
8 

9 
10 

11 
12 

>3 

»4 

»5 
16 


18 

25 
24 

38 
38 
47 
4* 
47 
40 

4» 

39 
41 
4° 
4i 
38 
43 
4° 
4° 
38 
42 

37 
43 
42 
45 
38 

44 
41 
43 

35 


Time. 


H.  M. 


8 
2 
8 
2 
8 
2 
8 
2 

2 

S 

3 
2 
8 
2 
8 
2 
8 
2 
8 
2 
8 
2 
8 
2 
8 
2 
8 
2 
8 
2 


o 
0 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


Therm, 
without 


22 

«5 
3° 
35 
43 
47 
42 
47 
4° 

♦5 
36 

4' 

39 
4» 
4° 
4» 
38 
42 
40 
40 
38 
4* 
37 
43 
42 
45 
38 
42 
42 
43 
36 


Therm, 
within. 


4» 
44 
4* 
44 

43 
47 
47 
49 
47 
5« 
48 
51 
49 
S2 
5' 
5* 
51 
53 
5* 
53 
5* 
53 
5* 
53 
53 
55 
52 
55 
53 
54 
52 
54 


I 

Hy-  Rain, 
gro- 
me-  ' 


Inche 


30,40 
30,27 
30,00 
29,90 
19,50 

*9»53 
29,56 

29,54 

29»47 
29,46 

29,48 

29.55 
29,68 

29,69 

29,50 

29,42 

19.38 
29.38 

29,60 
29,67 
29,65 
29,54 
29,26 
29,26 

29.33 
29,36 

29,30 

29,18 

29,06 

29,01 

29. 1 5 
29,19 


tcr. 


78 
80 

87 
90 

93 

95 

9» 

87 

87 
86 

90 

88 

80 

78 
88 
89 
88 
81 
81 

83 

83 

83 

87 

83 
82 

79 
86 

82 

84 

77 


Inche  t. 


0,305 


<V>35 
0,148 


0,035 
0,046 

0,087 
0,113 


Wind*. 


POIBU. 


ENE 
ESE 

E 

E 
SSW 
SW 
SSW 
SE 

E 

E 

E 

NE 

S 
SSE 

E 

E 

E 

E 

E 
NW 

E 

E 

E 

E 

S 

SE 
E 
E 

NE 

W 
NE 

N 


Str. 


Weather. 


■  1 


Fine. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Rain. 

Cloudy. 

Cloudy. 

Cloudy. 

Foggy. 

Cloudy. 

Foggy. 

Cloudy. 

Cloudy. 

Cloudy. 

Rain. 

Rain. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Rain. 

Cloudy. 

Cloudy. 

Cloudy. 

Rain. 

Rain. 

Cloudy. 

Cloudy. 


Digitized  by  Google 


C  s  3 


METEOROLOGICAL  JOURNAL 


for  January,  1800. 


Six  \ 
Therm. 

Ti  me. 

Therm. 

Therm. 

Daroiti. 

H>- 

R<lirl. 

Wind*. 

without. 

within. 

g.o- 
me- 

1000 

Jc^st  and 
grratc&t 

Wciihcr. 

ter. 

Heat. 

H. 

M. 

0 



Indies. 

Inchc*. 

Poiiu». 

Str. 

jan.  1 7 

35 

8 

O 

35 

53 

29,50 

80 

w 

1  I 

Cloudy. 

18 

39 

r 

2 

O 

39 

55 

29,54 

76 

sw 

I 

Fair. 

36 

8 

0 

39 

52 

29,05 

«5 

0,077 

E 

1 

Rain. 

45 

2 

0 

44 

55 

29  °5 

82 

NVV 

2 

Cloudy. 

l9 

37 

8 

0 

45 

53 

29,08 

88 

0,385 

s 

I 

Rain. 

45 

2 

0 

41 

54 

29,07 

87 

NE 

I 

R.in. 

20 

34 

8 

0 

34 

52 

29,03 

85 

0,300 

NE 

I 

Snow. 

35 

2 

0 

35 

53 

29,08 

82 

N 

1 

Snow. 

21 

28 

8 

0 

32 

50 

29,44 

77 

0,155 

NW 

Cloudy. 

34 

2 

0 

34 

53 

29,6; 

66 

W 

I 

Pair. 

22 

20 

8 

0 

27 

5° 

29,87 

74 

E 

1 

Fine. 

37 

0 

37 

52 

29,91 

74 

ESE 

I 

Fine. 

23 

3° 

8 

0 

3° 

49 

29,83 

72 

E 

2 

Fair. 

39 

2 

0 

36 

51 

29,56 

67 

SE 

2 

Cloudy. 

24 

33 

8 

0 

34 

49 

29  30 

85 

0,425 

SW 

1 

Fair. 

4° 

2 

40 

52 

29.39 

78 

I 

Fine. 

2  - 

5 

33 

8 

0 

34 

49 

-9-77 

85 

SW 

I 

Fair. 

26 

44 

2 

0 

A.1 
+  J 

c  2 

29,01 

fir* 

no 

ssw 

2 

Cloudy. 

8 

0 

49 

5° 

.9.50 

90 

0,015 

s 

2 

Cloudy. 

u 

2 

0 

51 

53 

29,50 

87 

s 

2 

Cloudy. 

27 

8 

0 

44 

5' 

29,50 

83 

0,265 

wsw 

Cloudy. 

28 

45 

2 

0 

44 

54 

-9,72 

6t 

w 

Fair. 

35 

8 

0 

.■>> 

5« 

29,9? 

8o 

SW 

Fair. 

29 

46 

2 
8 

0 

46 

53 

29.78 

73 

SW 

Cloudy. 
Cloudy. 

40 

0 

40 

5» 

29,42 

76 

SW 

44 

2 

0 

44 

54 

29,31 

68 

SW 

Fair. 

30 

3*  >:, 

8 

0 

32 

50 

29,36 

73 

S 

Fine. 

3« 

42 

2 

0 

42 

54 

29.40 

68 

SW 

Fine. 

34 

3 

0 

35 

5' 

29,45 

77 

0,067 

E 

Chmdy. 

4« 

2 

0 

41 

53 

29-43 

74 

SSE 

Fair. 

a  2 


Digitized  by  Ggpgle 
A 


C  4  3 


METEOROLOGICAL  JOURNAL 

for  February,  1 800. 


Six's 

Time. 

Therm. 

Thrt  m. 

Hy- 

Rain. 

Tlioi '  1 1  s  ■ 

\*  unoui . 

v*.'  r  r  li  i  n 
>v  1 1  J  1 1  u  • 

,r<>-| 

1800 

Ir-^it  and 

me-  1 

Rit-atcu 

UT. 

Heat. 

H.  M. 

0 

0 

Inches. 


I  IK  llfj . 

Feb.  1 

32 

7  0 

32 

5° 

29>55 

8l 

46 

2  0 

46 

53 

29,46 

80 

z 

33 

7  0 

33 

5° 

29>93 

7^ 

0,0:7 

44 

2  0 

44 

52 

29,98 

3 

42 

7  0 

47 

5' 

29>75 

86 

0,018 

4J 

2  0 

47 

53 

29,90 

64 

4 

36 

7  0 

36 

5° 

3°>'5 

7  + 

45 

2  0 

45 

54 

30,24 

62 

5 

32 

7  0 

32 

5' 

30,27 

77 

38 

2  0 

38 

54 

30,25 

74 

6 

32 

7  0 

3  2 

5° 

30,24 

80 

35 

2  0 

35 

52 

30,26 

79 

7 

28 

7  0 

28 

5° 

30,22 

75 

36 

2  0 

36 

52 

30,22 

£7 

8 

3' 

7  0 

3' 

48 

30»22 

60 

34 

2  0 

34 

52 

30,23 

9 

28 

7  0 

3' 

47 

30,18 

^ 

36 

2  0 

56 

50 

30,18 

64 

IC 

32 

7  0 

32 

47 

30,06 

69 

36 

2  0 

36 

5> 

30.00 

66 

1 1 

3* 

7  0 

30 

46 

29,92 

72 

3° 

2  0 

3'' 

5° 

29,92 

*| 

12 

7  0 

26 

47 

29,88 

32 

2  0 

32 

48 

29,86 

66 

1  3 

3° 

7  0 

3° 

V- 

29,72 

67 

32 

2  c 

3~ 

4/ 

29,72 

67 

M 

31 

7  0 

3» 

46 

29,93 

66 

32 

2  0 

3  2 

47 

29,96 

66 

>5 

3° 

7  0 

3° 

46 

30,02 

7' 

35 

2  0 

35 

4'/ 

50,06 

7° 

0,108 

16 

32 

7  0 

35 

46 

29,94 

76 

4' 

2  0 

41 

49 

29,93 

*3 

Wind*. 


S 
S 

sw 
sw 
sw 
sw 
sw 
w 

E 
E 

NE 
NE 
ENE 
ENfc 

E 

E 

E 

h 

E 

E 

E 

E 

E 

E 

NE 

NE 
NE 
NE 
NE 
NE 

E 

E 


Weather. 


Foggy. 

Cloudy. 

Fair. 

Cloudy. 

Cloudy. 

Cloudy. 

Fine. 

Fiue. 

Cloudy. 

Cloudy. 

Foggy. 

Cloudy. 

Cioudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Fine. 

Fine. 

Fine. 

Fine.- 

Fair. 

Cloudy. 

Lloudy. 

Cloudy. 

Cioudy. 

Cloudy. 

Cloudy. 

Rain. 

Cloudy. 


I  s  3 


METEOROLOGICAL  JOURNAL 

for  February,  1800. 

!  800 

Six"  j 
ThtT  m. 
!eJU  Jiid 
greatest 

Heat. 

Time. 

Therm, 
w  itliout. 

Therm, 
xv  ithin . 

Biiom. 

Hy- 
£ro- 

II1C- 

tei . 

Rain. 

Windi. 

J 

Weather. 

H. 

M. 

0 

0 

I  nchci. 

1  nclicj 

Point*. 

Str. 

Feb. 17 

38 
3° 

7 

0 

3n 

47 

90 

E 

I 

roggy. 

1 S 

•iO 

2 

O 

4- 

rr> 
5U 

zy,;  7 

°7 

E 

2 

Cloudv 

34 

7 

O 

34 

47 

^  (J  >  o*j 

0  1 

K 
E 

I 

vJUUUj  • 

A  1 

2 

O 

4 1 

5° 

z9,04 

/  1 

I 

LIUUUV  . 

I  fj 

1  2 

7 

O 

3Z 

47 

Ji  u  ,  0  0 

E 

O 

KnlYfflf 

r°ggy- 

T 

2 

O 

4U 

5° 

Z      0  4 

8  1 

I 

U*r»o  1*1/ 

20 

J  2 

/ 

O 

3^ 

45 

E 

I 

1   In  1 1  f  1  v 

J.A 
"tt 

2 

O 

44 

5° 

74 

E 

I 

Fiir 

2 1 

4-0 

T 

7 

O 

4U 

80 

E 

I 

5' 

2 

O 

5' 

53 

29,62 

7o 

E 

I 

Fair. 

22 

39 

7 

O 

40 

5> 

29>53 

75 

E 
ESE 

1 

Cloudy. 

53 

2 

0 

53 

54 

29,46 

74 

1 

Fine. 

23 

59 

7 

0 

39 

52 

29,  ji 

77 

E 

1 

Cloudy. 

49 

2 

0 

49 

54 

29,30 

68 

E 

I 

Hazy. 

2+ 

33 

7 

\J 

37 

5« 

29,30 

76 

Cloudy. 

3* 

** 

0 

38 

5- 

29,41 

74 

NE 

-> 

Cloudy. 

2  5 

35 

7 

0 

36 

5° 

29,5? 

73 

NE 

I 

Cloudy. 

26 

40 

2 

0 

40 

52 

29,61 

76 

NF. 

1 

Rain. 

33 

7 

0 

33 

5° 

29,70 

77 

0,077 

NE 

2 

Cloudy. 

33 

2 

0 

33 

5« 

29,78 

6K 

NE 

2 

Cloudy. 

27 

29 

7 

0 

5° 

49 

29.89 

64 

NE 

2 

Cloudy. 

28 

32 

2 

0 

32 

49 

29,90 

60 

NE 

2 

Cloudy. 

28 

7 

0 

29 

47 

29>93 

60 

NE 

2 

Cloudy. 

34 

2 

0 

34 

4« 

29>93 

57 

NE 

2 

Cloudy. 

 J 

Digitized  by -Google 


C  6  D 


METEOROLOGICAL  JOURNAL 

for  March,  1800. 

I  BOO 

Six'* 
Therm, 
least  and 
greatest 

Meat. 

Time. 

Therm, 
without. 

Therm. 

within. 

Harnm 

u.  1  v  ill  • 

Hv- 

zro- 

9 

me- 
ter. 

Rain, 

Winds. 

Weather. 

H. 

M. 

0 

0 

Inches. 

laches. 

Points. 

Str. 

Mar.  1 

27 

7 

0 

78 
zo 

A1 

47 

29»9° 

°5 

NE 

I 

v-iouay . 

3° 

2 

O 

38 

49 

30,00 

OO 

NW 

I 

2 

31 

•r 

O 

4° 

29,90 

7* 

SW 

l 

f~*1/Ml/|v 

v^ioutiy. 

41 

2 

O 

A  ■ 
T 

it 

29,9° 

57 

W 

1 

r  inc. 

3 

3* 

7 

0 

3* 

40 

29,73 

70 

NE 

l 

Pair 

r  dir. 

4° 

2 

O 

40 

5° 

29,78 

00 

NE 

I 

Pair 

r  dir. 

4 

34 

7 

O 

33 

47 

29,70 

68 
00 

NE 

I 

Plnnrlv 

39 

2 

0 

39 

5° 

in  ft* 
29,02 

NE 

I 

v^iouuy. 

5 

28 

7 

0 

28 

4/ 

2Q  88 

IS 

09 

NE 

1 

Pair 

X  dl  1  • 

3$ 

2 

0 

2  C 

35 

co 

20  88 

04 

ENE 

] 

P 1  n  f* 
r  inc. 

6 

it 

7 

0 

*7 

s 

4U 

20  88 

NE 

2 

3* 

2 

0 

3Z 

4° 

■»n  8*7 
29,87 

01 

ENE 

2 

7 

*3 

7 

0 

2  9 
*3 

AC 

45 

29,04 

E 

2 

1  inc. 

a  s. 
3* 

2 

0 

3Z 

4/ 

29»74 

OO 

E 

2 

Pine. 

8 

ZC 

7 

0 

27 

45 

•t9»39 

AX 

T7KTC 

2 

Pi  np 

«  e 

2 

0 

35 

a8 
40 

57 

ENE 

2 

Pine 

9 

\l 

7 

0 

28 

16 

6c 
°5 

NE 

I 

Cloudv. 

36 

2 

0 

36 

47 

30,05 

60 

E 

I 

Cloudy. 

10 

30 

7 

0 

3* 

45 

29.93 

63 

ENE 

2 

Cloudy. 

38 

2 

0 

38 

47 

29,88 

61 

0,067 

ENE 

2 

Cloudy. 

11 

35 

7 

0 

41 

46 

29,70 

84 

ESE 

I 

Rain. 

53 

2 

0 

53 

49 

29,68 

88 

SSE 

1 

Cloudy. 

12 

39 

7 

0 

39 

49 

29,52 

86 

E 

1 

Cloudy. 

42 

2 

0 

42 

5° 

29,70 

84 

W 

1 

Ruin. 

■3 

33 

7 

0 

33 

49 

30,08 

84 

NE 

I 

Foggy. 

40 

2 

0 

40 

51 

30,12 

81 

E 

1 

Cloudy. 

14 

3* 

7 

0 

34 

49 

29,98 

76 

0,120 

E 

2 

Cloudy. 

42 

2 

0 

4* 

5' 

29,89 

62 

E 

2 

Cloudy. 

»5 

37 

7 

0 

37 

49 

»973 

64 

E 

2 

Cloudy. 

46 

2 

0 

46 

5* 

*9-73 

60 

NB 

2 

Cloudy. 

16 

34 

7 

0 

34 

5° 

29,85 

78 

NE 

I 

Cloudy. 

2 

0 

•  47 

53 

29,90 

70 

NE 

I 

Fine. 
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METEOROLOGICAL  lorKMAI. 

for  March,  1800. 

Six's 

Time. 

Therm. 

Therm. 

Barom. 

Hy- 

Rain. 

Winds. 



rherm. 

without. 

geo- 

1800 

IcxkL  and 

me- 

Weather. 

greatest 

ter. 

Heat. 

H. 

M. 

0 

0 

Indies. 

Inches . 

Points. 

Str. 

Mar.  17 

35 

7 

O 

36 

50 

,  30,00 

— — 

75 

MP 

IN  Em 

1 

cloudy. 

39 

2 

O 

39 

53 

30.03 

72 

IN  c. 

1 

Cloudy. 

18 

36 

7 

0 

36 

5° 

30.01 

7c 

IN  r. 

1 

Cloudy. 

39 

2 

O 

39 

52 

30,01 

69 

MNP 
IN  iN  U, 

1 

.Cloudy. 

'9 

3' 

7 

O 

3  2 

50 

30,00 

74 

IN  c, 

1 

ciDudy. 

4' 

2 

O 

4« 

53 

30,01 

IMP 
IN  C 

1 

Cloudy, 

20 

31 

7 

0 

32 

49 

30'13 

7° 

IN  c. 

1 

Cloudy. 

45 

2 

0 

45 

5° 

3°>'5 

66 

M  R 
IN  U 

1 

cloudy. 

21 

3* 

7 

0 

38 

50 

3°. « 3 

69 

MNP 
IN  IN  C 

1 

Cloudy. 

49 

0 

49 

53 

3°. » 3 

59 

N  MP 
IN  IN  r. 

1 

Cloudy. 

22 

3s 

7 

0 

3» 

49 

30,18 

70 

0,025 

MP 
IN  E, 

1 

cloudy. 

40 

z 

0 

46 

52 

30,22 

66 

IN  ti 

1 

Cloudy. 

23 

-7 

/ 

38 

50 

30,12 

69 

0  w 

Rain. 

5> 

2 

O 

5i 

5« 

30,05 

68 

sw 

j 

Cloudy. 

43 

7 

O 

44 

5° 

29,99 

80 

0,028 

t,  - 

sw 

Cloudy. 

53 

z 

O 

53 

53 

29,99 

78 

s 

; 

Cloudy. 

25 

3° 

7 

O 

38 

5» 

29,99 

69 

E 

Cloudy. 

20 

5Z 

2 

O 

52 

<r6 
)u 

SE 

Fine. 

37 

7 

O 

39 

54 

29,86 

7> 

E 

rine. 

54 

2 

O 

)  T 

57 

29,83 

58 

E 

Fine. 

2/ 

40 

7 

O 

44 

55 

29,76 

69 

E 

Fair. 

28 

55 

2 

O 

54 

56 

29»7« 

58 

SSE 

2 

Cloudy. 

44 

7 

O 

45 

55 

29,41 

70 

E 

2 

Rain. 

40 

2 

O 

49 

57 

29,28 

72 

ESE 

2 

Rain. 

29 

48 

7 

O 

48 

56 

29.37 

81 

0,044 

E 

1 

Rain. 

52 

2 

O 

52 

57 

29,51 

72 

SE 

2 

Cloudy. 

46 

7 

O 

47 

56 

29»75 

68 

0,021 

ENE 

1 

Cloudy. 

57 

a 

0 

57 

58 

29,81 

62 

NW 

Fair. 

3» 

46 

7 

0 

56 

29,59 
29.34 

76 

E 

1 

Cloudy. 
Rain. 

"  c  1 

5° 

2 

0 

11 

1 

76 

SSE 

j 

I  1 
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METEOROLOGICAL  JOURNAL  j 

for  April,  1800.  1 

1800 

Six  s 
Therm  * 
Ieaat  and 
greatest 

Heat. 

Time. 

Therm, 
without. 

_  ! 

Therm, 
within . 

Barom. 

Hy- 
gro- 

ter. 

Rain. 

,  Wind*. 

Weather. 

u 
n . 

M 

i>i . 

0 

0 

Inchca. 

Inches. 

Pn  1  nf  • 

Str 

Oil  . 

April  1 

44 

7 

44 

56 

29.27 

76 

0,580 

w 

1 

Rain. 

$3 

53 

58 

29,44 

60 

W 

2 

Cloudy. 

2 

38 

7 

O 

42 

56 

29,54 

73 

0,127 

s 

2 

Cloudy. 

49 

Cj 
w 

47 

57 

29,36 

76 

s 

2 

Rain. 

3 

45 

7 

45 

56 

29,58 

74 

0,060 

NW 

I 

Fair. 

49 

n 

49 

57 

29,78 

72 

N 

1 

Cloudy. 

4 

45 

1 

O 

48 

56 

29,81 

75 

s 

I 

Cloudy. 

54 

2 

54 

58 

29,75 

75 

s 

I 

Cloudy. 

5 

4* 

I 

O 

4t 

56 

29,82 

73 

s 

I 

Fair. 

56 

* 

56 

57 

29,78 

62 

ssw 

I 

Cloudy. 

6 

44 

•7 
/ 

0 

45 

56 

29,86 

7* 

0,022 

s 

2 

Fine. 

59 

f\ 
\J 

59 

58 

29.97 

53 

ssw 

Mr 

Fine. 

7 

l9 

7 

0 

1° 

57 

29,98 

72 

ssw 

I 

Fair. 

62 

2 

0 

62 

60 

29.97 

56 

s 

I 

Fair. 

8 

48 

7 

O 

49 

5! 

29.95 

68 

SSE 

1 

Cloudy. 

52 

2 

0 

56 

58 

29,89 

64 

S 

I 

Rain. 

9 

46 

7 

0 

58 

29,67 

75 

0,270 

E 

I 

Cloudy. 

c6 
>u 

2 

0 

f* 

CO 

20.  c  8 

7i 
/T 

0,063 

S 

2 

Cloudv 

.0 

46 

7 

0 

47 

57 

29,47 

73 

S 

2 

Rain. 

57 

2 

0 

57 

58 

29,38 

7° 

SSW 

2 

Cloudy. 

1 1 

4i 

7 

0 

43 

57 

29,66 

67 

0,082 

w 

1 

Cloudy. 

56 

2 

0 

56 

60 

29,83 

56 

WNW 

I 

Fair. 

12 

'8 

0 

52 

58 

29,68 

80 

0,073 

sw 

1 

Rain. 

0 

60 

60 

29,6.1 

61 

SSW 

2 

Cloudy. 

»3 

47 

7 

0 

48 

58 

29,73 

70 

0,060 

w 

2 

Fair. 

55 

2 

0 

53 

52 

29,76 

68 

SSW 

2  . 

Rain. 

M 

5* 

7 

0 

52 

58 

i  *9'"6 

80 

0,062 

sw 

2 

Rain. 

57 

2 

0 

57 

59 

29,86 

7  2 

ssw 

2 

Cloudy. 

: 

48 

7 

0 

48 

58 

29,90 

78 

0,120 

ssw 

I 

Rain. 

60 

2 

0 

60 

60 

29,90 

60 

sw 

2 

Fair. 

46 

7 

0 

50 

58 

29,67 

75 

0,128 

s 

2 

Cloudy. 

57 

2 

0 

55 

59. 

29.53 

72 

s 

2 

Cloudy.  | 
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METEOROLOGICAL  JOURNAL 

for  April,  1800. 

1800 

Six '» 
Thet  m. 

L-i  1  f  » r» ji 

Hcu: . 

Ti 

mc. 

Therm, 
without. 

Therm, 
within. 

Barom. 

Hy- 

;ro- 
1  rtc- 
icr. 



Rain. 

Windi. 

Weather. 

r 

12. 

M. 

0 

0 

Inches. 

Point*. 

Str. 

Apr.  17 

*  * 

s« 

7 

O 

5» 

s8 

29,42 

75 

s 

St 

Cloudy. 

2 

O 

55 

59 

29,49 

60 

c 
0 

2 

Cloudy. 

18 

44 

7 

O 

46 

58 

29,78 

73 

W 

1 

Fair. 

61 

2 

0 

61 

60 

29,79 

5° 

W 
w 

1 

Fair. 

l9 

49 

7 

0 

5° 

58 

29,83 

73 

0,043 

W 

TV 

I 

Fair. 

60 

2 

0 

60 

60 

29,81 

56 

JjVr 

2 

Fair. 

20 

49 

/ 

0 

5° 

58 

29,70 

77 

0,042 

SSF 

2 

Rain. 

59 

2 

0 

58 

60 

29,64 

62 

c 
0 

2 

Cloudy. 

21 

52 

7 

0 

53 

53 

29,45 

73 

0,125 

s 

5* 

2 

0 

5^ 

59 

29,50 

7C 

s 

2 

Rain.    L       1  ' 

22 

45 

7 

0 

46 

5« 

29-35 

7i 

o,cyo 

s 

2 

Cloudy. 

57 

2 

0 

57 

60 

29.34 

61 

s 

2 

Cloudy. 

*3 

43 

7 

0 

45 

57 

29-33 

72 

0,028 

E 
S 

Cloudy. 

5i 

2 

0 

5° 

58 

29,41 

jo 

Cloudy. 

24 

45 

7 

0 

46 

57 

29,68 

7° 

0,404 

NE 

Cloudy. 

52 

2 

0 

52 

58 

29,67 

66 

NE 

R;un. 

44 

7 

0 

49 

58 

2y.34 

38 

0,204 

NE 

Rain. 

51 

2 

0 

49 

29,42 

7° 

0,083 

ESE 

V-  lOUUY  . 

26 

43 

7 

0 

46 

57 

29>75 

7* 

E 

Cloudy. 

60 

2 

0 

59 

59 

29>79 

62 

E 

Fair. 

27 

45 

7 

0 

45 

5« 

29,88 

79 

NE 

Cloudy. 

5° 

2 

0 

50 

5» 

29,84 

76 

NE 

Cloudy. 

28 

46 

7 

0 

47 

57 

29,75 

78 

0,105 

W 

Fair. 

61 

z 

0 

61 

60 

89,78 

61 

ssw 

Cloudy. 

29 

45 

7 

0 

46 

57 

29,67 

73 

o,o38 

E 

Fair.  \  . 

58 

2 

0 

53 

59 

29,63 

63 

0,026 

SW 

Fair. 

30 

39 

7 

0 

4i 

57 

29,98 

68 

\V 

I 

Fine. 

59 

2 

0 

59 

59 

30,02 

5° 

SSW 

Fine. 
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METEOROLOGICAL  JOURNAL 

for  May,  1800. 

1 800 

Six's 
1  hcrm. 
least  and 
greatest 

Heat. 

Time. 

Therm. 

without. 

Therm. 

within. 

Barora. 

Hy- 

gri- 
me- 
tcr. 

Rain. 

Wind.. 

Weather. 


H. 

M. 

0 

0 

Inches. 

Inches. 

Points. 

*• 

Str. 

May  1 

49 

7 

0 

52 

57 

30,02 

72 

0 

1 

Cloudy. 

60 

2 

O 

60 

58 

30,03 

69 

c 
0 

1 

Cloudy. 

2 

53 

7 

O 

54 

58 

30,05 

68 

£ 

1 

Cloudy. 

67 

2 

0 

67 

61 

3°.°5 

53 

oxi 

1 

Fine. 

3 

49 

7 

0 

5» 

59 

30,07 

66 

Ji 

1 

Hazy. 

69 

2 

0 

68 

62 

30,05 

54 

J? 

1 

Fine. 

4 

5< 

7 

0 

55 

60 

30*02 

70 

R 
E, 

1 

Fine. 

75 

z 

0 

74 

6+ 

30,01 

5^ 

XV 

1 

Fine. 

5 

57 

7 

0 

60 

63 

30,11 

73 

t? 
E. 

1 

Fine. 

74 

2 

0 

74 

65 

30,05 

60 

t* 
L, 

1 

Fine. 

6 

50 

7 

0 

54 

63 

29,97 

73 

IS 

1 

Fine. 

72 

2 

0 

72 

65 

29,91 

47 

t? 
t, 

1 

Fine. 

7 

50 

7 

0 

54 

64 

29,90 

67 

IN  C 

J 

Fine. 

74 

2 

0 

74 

66 

29,86 

5° 

ESE 

Fine. 

8 

54 

7 

0 

59 

65 

29,87 

62 

E 

Cloudy. 

73 

■» 

0 

72 

66 

29,83 

53 

ESE 

Fair. 

9 

55 

7 

0 

59 

65 

29,84 

60 

ENE 

Fair. 

73 

2 

0 

73 

DO 

29,83 

54 

E 

1'inc. 

10 

48 

7 

0 

5° 

65 

29,80 

80 

0,120 

NE 

Cloudy. 

55 

2 

0 

54 

64 

29,78 

7' 

0,080 

ENE 

Rain. 

1 1 

48 

7 

0 

5» 

63 

29.78 

67 

NE 

Fair. 

57 

2 

0 

57 

64 

29,78 

58 

NE 

Fair. 

12 

44 

T 

/ 

0 

49 

62 

29-?7 

67 

ENE 

Fair. 

58 

z 

0 

57 

63 

29'77 

52 

ENE 

I 

Fine. 

»3 

46 

7 

0 

49 

62 

29.78 

05 

NE 

Cloudy. 

59 

2 

0 

59 

62 

29'77 

57 

NE 

Fair. 

43 

7 

0 

45 

60 

29.88 

61 

NE 

2 

Cloudy. 

57 

2 

0 

57 

61 

29,90 

56 

NE 

2 

Fine. 

»5 

40 

7 

0 

44 

59 

30,00 

59 

NE 

2 

Cloudy. 

62 

2 

0 

59 

60 

29,94 

53 

SE 

1 

Fair. 

16 

48 

7 

0 

5» 

59 

29,72 

67 

SE 

1 

Cloudy. 

.57 

2 

0 

56 

59 

29,58 

73l 

SSE 

2 

Rain. 
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for  May,  1800. 


1800 

I>1X  s 

Therm, 
least  and 
grrjtcst 

Heat. 

Time. 

Therm. 

W  II 11 U  Li  L* 

Therm* 
w  1  tl  1 1  u« 

Barom. 

Hy- 

gro- 
mc- 

tcr. 

Rain. 

Wind 

i. 

• '  .  <:  :* 

■■ 

Weat 

t  r 

her. 

H. 

M. 

0 

0 

Inches. 

Inehc*. 

Points. 

Sti. 

May  17 

5° 

7 

O 

58 

28,90 

73 

0,188 

S 

Cloudy. 

1,1  1 

56 

2 

O 

56 

58 

28,75 

75 

S 

2 

Rain. 

18 

48 

7 

O 

48 

58 

29,38 

66 

0,302 

WNW 

2 

Fine. 

60 

2 

O 

60 

60 

29,50 

59 

WNW 

2 

Fair. 

•9 

46 

7 

0 

50 

58 

29,66 

67 

0,035 

wsw 

2 

Cloudy. 

£. 

6S 

2 

O 

64 

59 

29,71 

57 

sw 

2 

Fair. 

20 

55 

7 

O 

56 

59 

29,63 

80 

0,085 

s 

2 

Rain. 

61 

2 

O 

61 

60 

29,60 

76 

s 

2 

R^in. 

21 

49 

7 

O 

5» 

59 

29,78 

72 

0,050 

s 

2 

Fair. 

< 

62 

2 

O 

62 

60 

29,81 

56 

s 

2 

Cloudy. 

22 

48 

7 

O 

5i 

59 

29,82 

70 

0,Ol6 

s 

2 

Fair. 

63 

O 

62 

60 

29,78 

56 

ssw 

2 

Fair. 

1 

23 

5> 

7 

O 

53 

59 

29,63 

70 

ESE 

1 

Fair. 

63 

2 

O 

62 

60 

29.55 

6J 

SE 

1 

Cloudy. 

24 

7 

O 

11 

60 

29,65 

68 

0,043 

S 

2 

cloudy. 

6c 
°5 

2 

O 

04 

61 

29«75 

58 

c 
0 

2 

Fine. 

25 

52 

7 

O 

53 

60 

2y.93 

s 

2 

Cloudy. 

i 
| 

61 

2 

O 

61 

60 

?o.oo 

z 

s 

2 

Cloudy. 

26 

49 

7 

O 

5l 

59 

30,20 

68 

0,050 

ssw 

1 

Hazy. 

>i  j 

68 

2 

O 

67 

61 

30,20 

5» 

s 

2 

bine. 

27 

7 

O 

60 

30,12 

60 

s 

Fair. 

i 

2 

O 

ij 

61 

30,10 

61 

s 

Cloudy. 

28 

52 

-J 

O 

55 

61 

30,19 

67 

NE 

Fair. 

i 

69 

2 

O 

69 

62 

30,21 

50 

N 

Fair. 

29 

51 

7 

O 

53 

61 

30,21 

63 

E 

Hazy. 

1  ■  - 

■  •  • 

66 

2 

O 

66 

62 

30,16 

49 

E 

Hazy. 

3° 

52 

7 

0 

53 

61 

30,05 

61 

WSW 

Cloudy. 

64 

2 

0 

64 

61 

29-99 

58 

WSW 

Cloudy. 

3i 

5' 

7 

0 

52 

61 

29,77 

73 

0,1 18 

SSW 

Rain. 

61 

2 

0 

60 

61 

29.57 

68 

NW 

Rain. 

•  *• 

1 

T  . 

v.',:-j 

— — 

— 
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METEOROLOGICAL  JOURNAL 

* 

for  June,  1800. 

olX  S 

Time. 

Therm. 

Therm. 

Baxom. 

Hy- 

Rain. 

Wind*. 

least  and 

without. 

within. 

gro- 

1800 

greatest 

ter. 

Point*. 

Weather. 

Heat. 

H.  M. 

O 

0 

Inches. 

Inches. 

Str. 

June  1 

5* 

7 

A 

w 

53 

60 

29,99 

70 

0,232 

XT  XT  I? 

2 

Cloudy. 

58 

2 

0 

58 

61 

3°»°7 

63 

NNfi 

2 

Cloudy. 

a 

50 

/ 

NT 

50 

59 

30,04 

68 

XT  VIC 

2 

Cloudy. 

5i 

• 

5* 

59 

30,00 

7* 

XT 

N 

2 

Rain. 

3 

2° 

7 

|a 

58 

29,86 

!4 

0,268 

NE 

1 

Cloudy. 

<53 

* 

w 

63 

60 

29.94 

62 

& 

2 

Fair. 

4 

53 

•» 

/ 

Q 

53 

60 

29,98 

79 

XT  O 

WIS 

1 

Cloudy. 

60 

W 

60 

61 

29,89 

70 

XT  T> 

NE 

1 

Cloudy. 

5 

66 

/ 

I6 

60 

29,84 

Z* 

o,221 

NE 

1 

Cloudy. 

2 

65 

61 

29,80 

67 

1 

Cloudy. 

6 

5° 

7 

ft 

5© 

60 

29,80 

77 

0,085 

XT  l? 

NE 

1 

Cloudy. 

55 

2 

0 

55 

60 

29,80 

70 

XT  r? 

NE 

1 

Cloudy. 

7 

45 

7 

0 

i9 

62 

59 

29,82 

67 

XTD 

NE 

1 

Fair. 

62 

2 

0 

60 

29,80 
29,78 

60 

CCD 

SSE 

1 

Fiir. 

8 

1° 

7 

0 

53 

59 

67 

ssw 

1 

Cloudy. 

0 

64 

59 

29,78 

58 

wsw 

Cloudy. 

9 

54 

7 

0 

55 

29,72 

65 

w 

Cloudy. 

61 

2 

0 

63 

11 
00 

A  f\ 

J9 

w 

Fair. 

10 

+6 

7 

0 

50 

59 

29,92 

63 

NE 

Cloudy. 

58 

2 

0 

58 

59 

29.98 

53 

NE 

Fair. 

1 1 

7 

0 

40 

58 

30.14 

64 

SW 

Fine. 

61 

2 

0 

60 

59 

30.07 

W 

Cloudy. 

12 

44 

7 

0 

47 

58 

30,00 

l\ 

W 

Cloudy. 

59 

2 

0 

59 

58 

30,01 

S7 

NE 

»3 

f 

7 

0 

50 

57 

30,00 

65 

WSW 

Cloudy. 

i 

2 

0 

64 

58 

29,86 

wsw 

Cloudy. 

»4 

46 

7 

0 

49 

57 

29,88 

69 

0.053 

NW 

Rain. 

57 

2 

0 

57 

58 

30,00 

60 

NW 

Cloudy. 

»5 

47 

7 

0 

50 

57 

30,07 

63 

NW 

Cloudy. 

62 
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XII.  A  Historical  and  Anatomical  Description  of  a  doubtful  am- 
phibious Animal  of  Germany,  called,  by  Laurenti,  Proteus 
Anguinus.  By  Charles  Schreibers,  M.  D.  of  Vienna.  Com- 
municated by  the  Right  Hon,  Sir  Joseph  Banks,  Bart.  K.  B. 
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# 

Read  March  26,  1801* 

The  singular  and  ambiguous  animal  of  which  I  have  the 
honour  to  give  the  following  description,  lives  in  a  small  lake 
in  Carniolia,  called,  Sitticber  See. 

This  country  is  celebrated  for  its  lakes,  and  subterraneous 
caverns  filled  with  water.  One  of  its  largest  lakes  is  the  famous 
lake  of  Czirknitz,  which  seems  to  be  the  source  of  ail  the  others; 
at  least  there  is  no  doubt  that  all  of  them  have  some  connection 
with  each  other,  by  subterraneous,  though  still  unexplored  com- 
munications :  this  is  ascertained  by  the  repeated  and  reciprocal 
risings,  and  corresponding  depressions  of  the  water,  in  spring 
and  autumn. 

Notwithstanding  this  circumstance,  the  animal  here  spoken  of 
mdccci.  I  i 
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has  been  found  only  in  the  lake  above  mentioned ;  from  which  it 
has  always  appeared  to  have  been  thrown  out  by  the  rising  of 
the  water.  Although  these  overflowings  generally  happen  once 
or  twice  in  every  year,  yet,  notwithstanding  the  frequent  re- 
searches of  fishermen,  to  whom  these  lakes  afford  a  good  sub- 
sistance,  and  of  other  people,  who  have  made  it  their  particular 
business  to  search,  for  the  animal  during  a  space  of  several 
years,  very  few  specimens  have  hitherto  been  discovered. 

Several  years  ago,  a  specimen  from  thence  came  to  the 
Museum  of  Natural  Curiosities  in  the  University  of  Vienna;  and 
another,  nearly  at  the  same  time,  came  into  the  possession  of  a 
naturalist  (Baron  Hohenwarth)  in  Carinthia.  In  the  year 
1795»  another  specimen  was  sent  to  the  present  Professor  of 
Natural  History  at  Vienna,  at  his  particular  request,  by  Baron 
Zbis,  a  liberal  and  zealous  naturalist,  settled  in  Carniolia.  I  did 
not  meet  with  any  other  specimens,  during  my  tours  in  the 
years  1798  and  1799 ;  though  I  visited  most  of  the  collections 
in  the  dominions  of  Austria,  Germany,  and  a  part  of  Italy.  I 
know,  however,  that  more  than  one  came  into  the  possession 
of  the  late  Dr.  Scopoli,  who  resided  in  Carniolia  for  several 
years. 

After  that  time,  notwithstanding  frequent  and  diligent  re- 
searches, none  could  be  discovered  till  the  year  1799;  when  I 
was  favoured  by  the  same  naturalist  with  two  other  specimens. 

The  first  notice  of  this  animal  was  given  by  the  late  Dr. 
Laurenti,  (in  1768,)  in  his  Synopsis  Reptilium.  The  short 
description  he  gave  there,  was  made  from  the  specimen  before 
mentioned,  preserved  in  spirit  by  Baron  Hohenwarth,  in 
Carinthia.  Laurenti  had  no  opportunity  to  examine  the  in- 
ternal structure ;  and  his  description  of  the  external  parts  is  so 
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defective  and  erroneous,  that  I  shall  only  add,  that  he  considered 
it  as  a  perfect  animal,  and  called  it  Proteus  Anguinus. 

In  the  year  1772,  Dr.  Scopoli  gave  a  more  exact  and  cir- 
cumstantial (but  not  anatomical)  description  of  this  animal,  in 
his  Annus  quintus  Histor.  Natural,  p.  75. 

From  the  accounts  of  these  learned  naturalists,  and  from  a 
drawing  sent  by  the  last  mentioned  one,  Linnjeus  had  notice 
of  this  animal ;  but,  not  being  fully  acquainted  with  its  nature 
and  characters,  and  observing  that  it  very  much  resembled  the 
larvae  of  some  lizards,  he  supposed  it  might  be  an  imperfect 
animal.  It  is  however  noticed,  with  some  others  of  a  similar 
structure,  in  the  new  edition  of  his  Systema  Naturae,  by  Gmelin. 
Tom.  i.  P.  3.  p.  1056.  "'  •rT*i,.»'/'irtr 

Since  that  time,  nothing  has  been  done  to  illustrate  the 
nature  of  this  curious  animal,  and  to  remove  the  doubts  of 
naturalists,  very  few  of  whom  have  taken  notice  of  it ;  however, 
J.  Hermann,  ( Commentarius  Tabulae  Affinitatum  Animalium, 
1783,  p.  256*.  note,)  and  the  celebrated  am  phi  biologist,  T.  G. 
Schneider,  (Histor.  Amphib.  Fasc.  1.  1799,  p.  40.  &c.)  think 
themselves  fully  convinced  of  its  being  an  imperfect  animal : 
they  ridicule  the  ideas  of  Laurenti  and  Scopoli,  and  blame 
Linnjeus  for  hesitating;  though  they  have  no  sufficient 
foundation  for  their  own  opinion,  which  is  formed  merely  from 
apparent  analogy. 

I  should  tire  the  patience  of  my  readers,  if  I  attempted  to 
refute  the  arguments  of  these  two  naturalists,  or  to  prove,  by 
long  deductions  and  comparisons,  that  neither  they,  nor  the 
others,  had  sufficient  ground  for  their  conclusions;  I  shall 
therefore  only  give  an  accurate  description  of  what  I  have 
observed  in  a  careful  anatomical  dissection  of  it ;  in  the  per- 
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formance  of  which  I  have  been  guided  by  no  partiality  in  favour 
of  any  particular  opinion,  but  simply  by  the  desire  of  know- 
ledge; and  shall  not  attempt  to  speak  decisively  upon  the  sub- 
ject, until  farther  opportunities  may  afford  me  the  means  of  as- 
certaining the  nature  of  this  interesting  animal.  As  all  attempts 
to  send  it  alive  to  Vienna,  (a  distance  of  about  250  English 
miles,)  have  been  in  vain,  I  have  had  no  opportunity  of  observing 
its  nature  and  actions  in  the  living  state;  I  can,  therefore,  only 
communicate  the  few  observations  which  Baron  Zois  had  the 
opportunity  of  making,  he  having  had  the  good  luck  to  get  some 
specimens  alive,  and  to  keep  one  of  them  so  during  several 
days.  His  observations  were  communicated  to  me,  with  the 
specimens,  in  the  month  of  September  1795,  in  November  1799, 
and  in  January  1800. 

In  his  first  letter  he  says,  he  had  some  hopes  of  sending 
me  the  animal  alive,  as  it  seemed  to  take  some  nourishment, 
having  thrown  up  from  its  stomach,  the  first  days  of  his 
keeping  it  in  the  water  of  the  lake,  (in  which  it  was  brought 
to  him, )  a  great  many  small  shells  of  the  genus  Helix ;  but 
he  soon  found  his  hopes  disappointed,  as  he  saw  that  it  would 
not  take  either  these  shells  or  any  other  food,  and  became 
from  day  to  day  more  languid  and  weak.  The  seventh  day  it 
lay  upon  its  back,  and  the  skin  became  covered  with  a  flaky 
glutinous  slime,  as  is  commonly  observed  on  amphibious  ani- 
mals when  dying.  It  seemed,  when  alive,  very  torpid,  and 
moved  but  seldom ;  it  swam  however  sometimes,  with  the  help 
of  its  broad  tail,  very  swiftly,  in  every  direction.  Twice  he 
observed  it  touch  one  of  those  shells  with  the  extremity  of  its 
beak,  and  fling  it  twelve  inches  distance,  on  the  bottom  of  the 
vessel  wherein  it  was  kept.    The  first  days  it  crept  slowly  on 
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the  bottom,  and  seemed  to  look  for  food  ;  it  often  took  a  shell 
into  its  mouth,  but  gave  it  out  again,  swallowing  none.  Several 
times  it  rose  to  the  surface,  stretched  its  head  out  of  the  water, 
and  took  in  air,  but  returned  directly  to  the  bottom.  He  never 
could  find  any  traces  of  eves,  even  with  a  magnifying  glass. 
Me  assents,  however,  to  Dr.  Scotoli's  opinion,  that  it  is  an 
animal  in  a  perfect  state,  and  sui  generis. 

In  another  letter  he  says,  that  he  received  the  two  specimens 
sent  therewith  alive;  but  that  they  died  in  a  few  hours,  being- 
kept  in  common  water. 

In  a  third  letter  hesavs,  in  answer  to  some  enquiries  I  made, 
that  all  the  specimens  he  knows  of  were  found  in  the  months 
of  August  and  September;  but  that  some  have  been  seen  by 
fishermen,  so  early  as  the  month  of  July,  when  the  season 
happened  to  be  very  rainy,  and  the  lake  overflowed. 

He  says  the  animal  uses  its  feet  in  creeping  on  the  bottom, 
and  in  ascending  along  the  sides,  of  the  vessel,  if  of  wood  ;  that 
it  creeps  very  slowly,  or,  to  use  his  words,  very  deliberately. 
In  this  particular  it  differs  from  every  other  creeping  animal, 
insomuch,  that  he  is  tempted  to  call  this  motion  (which  he  says 
is  amusing  to  behold)  characteristic  of  the  animal. 

It  often  produces  a  hissing  kind  of  noise,  pretty  loud,  more 
so  than  one  should  expect  from  so  small  an  animal,  and  re- 
sembling that  produced  by  drawing  the  piston  of  a  syringe. 
He  once  observed  that,  while  doing  so,  it  hung  on  the  side  of 
the  vessel,  with  the  fore  part  of  the  body  out  of  the  water.  He 
suspects  that  two  very  small  darkish  spots,  in  a  parallel  direc- 
tion on  the  forehead,  might  be  the  eyes  :  he  discovered  them 
by  looking  with  a  magnifier  at  the  head,  when  out  of  the  water; 
the  animal  hanging  quietly  on  the  sides,  where  it  continued 
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motionless  for  a  considerable  time,  without  appearing  shy  or 
timid. 

It  is  of  a  light  red  colour,  when  alive ;  and  the  branchial  ap- 
pendages, on  the  sides  of  the  head,  are  of  a  deep  blood  colour. 
In  spirit,  it  soon  loses  all  tinge  of  redness.  Inactivity,  and  the 
above-described  singular  creeping  motion,  seem  to  be  peculiar  to 
this  animal ;  and,  although  it  came  several  times  in  the  course 
of  a  day  to  the  surface  of  the  water,  and  even  rose  above  it,  it 
passed  the  greatest  part  of  its  time  at  the  bottom.  In  ascending 
in  the  water,  it  seemed  only  to  make  use  of  the  tail ;  ascending 
as  slowly  and  smoothly  as  it  creeps.  Sometimes  Baron  Zois 
observed  it  to  use  a  motion  like  that  of  fishes,  throwing  itself 
about  in  the  water  with  considerable  force  and  swiftness. 

The  five  specimens  which  I  saw,  three  of  which  were  at  my 
disposal,  were  of  very  different  sizes ;  the  largest  was  about 
thirteen  inches  long,  and  one  inch  in  diameter;  three  others  were 
between  nine  and  ten  inches  long;  and  the  smallest  (appa- 
rently the  youngest  and  most  imperfect)  was  about  eight  inches 
long,  and  hardly  the  third  part  of  an  inch  in  diameter. 

Notwithstanding  tliis  considerable  difference  in  size,  which 
evidently  shewed  a  difference  in  age,  they  agreed  in  the  general 
construction  of  the  external,  as  well  as  internal  parts.  The  fol- 
lowing description  was  taken  from  the  examination  and  dissec- 
tion of  the  largest  specimen,  and  compared  with  those  of  two 
others  of  a  smaller  size. 

The  head  is  one  inch  and  three  quarters  long ;  its  forepart 
somewhat  resembles  the  bill  of  a  duck,  being  flat  and  narrow, 
rather  broader  behind  than  the  body,  somewhat  compressed, 
and  rendered  uneven  by  some  smooth  protuberances,  occasioned 
by  strong  muscles.  The  upper  jaw  is  somewhat  larger  than  the 
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under  one,  and  surrounds  it  with  a  thick  folded  skin,  forming 
a  considerable  lip,  and  making  the  mouth  itself  larger  and 
broader  than  it  would  be  according  to  the  size  of  the  skull.  It 
has  no  nostrils,  external  ears,  or  appearance  of  eyes. 

This  last  circumstance  occasioned  the  mistake  of  Dr.  2W- 
renti,  and  of  all  the  other  naturalists,  who  affirmed  that  the 
animal  was  really  destitute  of  eyes.  It  is  true,  that  there  is  no 
appearance  of  them  after  death,  particularly  when  the  animal 
has  been  kept  in  spirit ;  and  indeed  they  are  scarcely  to  be 
discovered  even  while  it  is  alive ;  but,  if  the  skin  is  removed 
from  the  front  of  the  head,  they  may  be  seen  at  the  base  of  the 
rostrum,  beneath  the  foremost  protuberances.  They  are  very 
small,  and  black ;  seem  to  be  very  simple,  and  are  not  quite  so 
globular  as  those  of  fishes,  but  more  flat :  they  lie  in  a  small 
cavity  of  the  skull,  and  seemed  to  be  somewhat  attached,  at 
least  by  some  glutinous  matter,  to  the  skin  itself ;  as,  by  re- 
moving the  skin  without  sufficient  care,  they  adhered  to  it,  and 
came  out  of  their  cavity,  along  with  a  small  thread,  which  I 
think  was  the  optic  nerve. 

On  the  sides  of  the  occiput  are  apertures,  like  those  of  fishes ; 
and,  over  them,  ramified  branches  of  vessels  or  branchial  ap- 
pendages, similar  to  those  of  tadpoles  or  other  larvae  of  amphi- 
bious animals ;  which  analogy  has  occasioned  so  many  doubts 
and  dissentions  among  the  learned  about  this  animal,  as  well 
as  about  the  still  ambiguous  Siren  lacertina  of  Linnaeus.  These 
appendages  are  formed  by  three  very  large  branches  of  blood 
vessels,  of  which  the  uppermost  is  the  largest,  the  next  some- 
what smaller,  and  the  lowest  the  smallest :  each  of  these  is 
divided  into  smaller  branches ;  which,  lastly,  are  bordered  on 
their  under  edge  by  many  very  small  and  thin  ones.  Their 
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direction  is  towards  the  body,  almost  parallel  to  it ;  and,  upon 
removing  them,  the  branchial  apertures  are  seen  directed  to, 
and  communicating  with,  the  mouth,  like  the  gills  in  fishes. 
Each  of  these  apertures  is  divided  by  three  thin  simple  mem- 
brsmes,  (not  vascular,  as  in  fishes,)  attached  in  like  manner  to 
three  oblique  cartilaginous  bones,  but  leaving  only  two  holes 
between  them ;  in  which  circumstance,  and  in  the  red  colour 
of  the  appendages  during  life,  this  animal  differs  materially 
from  fishes,  and  from  tadpoles  or  other  larva?. 

Behind  the  appendages,  the  head  becomes  narrower,  and 
forms  a  round  neck,  reaching  from  thence  to  the  insertion  of 
the  fore  feet,  about  half  an  inch  long,  and  a  little  narrower  than 
the  bodv. 

The  body  itself  is  round,  equally  thick  throughout,  and,  from 
the  insertion  of  the  fore  feet  to  that  of  the  hind  feet,  about  6£ 
inches  long.  The  fore  feet  are  about  one  inch  long,  consisting 
of  the  thigh  and  leg,  and  terminating  in  three  toes,  without 
nails,  whereof  the  middle  one  is  the  longest.  The  hind  feet 
are  about  one-sixth  of  an  inch  shorter  than  the  fore  feet :  and 

■ 

terminate  in  only  two  ill  shaped  toes. 

Behind  these  feet,  the  body  grows  narrower,  and  terminates 
in  the  tail,  which  is  three  inches  and  a  half  long,  compressed  on 
the  sides,  and  very  fleshy  and  strong  in  the  middle ;  it  grows 
narrower  towards  its  end,  which  is  almost  pointed,  and,  as  well 
as  the  edge  above  and  underneath,  is  surrounded  by  a  thin 
membrane,  which  gives  it  a  considerable  breadth.  Under- 
neath, rather  lower  than  the  hind  feet,  is  the  anus,  an  oblong 
aperture,  surrounded  by  a  strong  wrinkled  sphincter. 

Upon  opening  the  body  by  a  longitudinal  section,  from  the 
anus  to  the  edge  of  the  under  jaw,  I  found  the  whole  cavity 
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almost  filled  by  the  liver,  which  extended  from  the  thorax 
down  to  the  pelvis,  so  as  to  cover  all  the  viscera,  except  the 
heart,  the  upper  part  of  the  lungs,  the  left  half  of  the  stomach, 
the  gall-bladder,  and  the  lower  intestines. 

The  heart  lies  in  the  middle  of  the  chest,  or  rather  of  the 
neck,  above  the  insertion  of  the  fore-feet :  it  is  inclosed  in  an 
ample  pericardium,  formed  by  a  simple  thin  membrane,  at- 
tached to  the  upper  part  of  the  lungs,  and  to  the  surrounding 
muscles  of  the  body. 

On  account  of  the  width  of  the  pericardium,  the  heart  seems 
very  large,  and  oval;  it  is,  however,  really  small,  and  consists  of 
a  single  ventricle,  and  a  single  auricle,  as  large  as  the  ventricle, 
but  a  little  flatter,  finely  serrated  on  its  upper  edge,  and  situated 
upon  the  upper  part  of  the  ventricle,  a  little  towards  the  left. 

I  could  distinguish  only  two  considerable  blood  vessels  in 
connection  with  the  heart  on  its  right  side,  where  the  auricle 
formed  an  angle  with  the  ventricle.  One  of  them,  which  was 
short,  but  pretty  large,  goes  up  perpendicularly,  forming  two 
enlargements,  and  divides,  a  little  above  the  upper  edge  of  the 
auricle,  into  two  branches,  which  seem  to  take  their  direction 
towards  the  branchial  appendages. 

The  other  and  longer  vessel,  which  comes  from  the  same 
part  of  the  heart,  below  the  former,  goes  straight  down,  turns  in 
a  little  below  the  point  of  the  heart,  and  forms  there  a  consi- 
derable enlargement,  just  over  and  upon  the  lungs ;  then  runs 
down  in  the  middle  of  them,  until  it  reaches  the  point  of  the  liver, 
in  the  description  of  which,  its  farther  course  will  be  mentioned. 

Besides  these  two  vessels,  (which  by  their  size,  as  well  as  by 
their  being  filled  with  coagulated  blood  after  the  animal's  death, 
seem  to  be  veins,)  1  could  not  pursue  the  course  of  any  others, 
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owing  to  the  length  of  time  the  specimens  had  been  kept  in 
spirit. 

On  account  of  the  connection  of  the  parts,  I  shall  proceed  to 
describe  the  liver,  leaving  the  respiratory  organs  at  present. 

The  liver  is  the  most  considerable  viscus  of  this  animal,  and 
is  nearly  five  inches  long,  beginning  about  one  inch  below  the 
heart,  running  down  to  the  larger  intestines,  and  terminating 
about  two  inches  above  the  anus.  Five  lobes  may  be  distin- 
guished; the  uppermost  begins  narrow  and  pbinted,  and  is 
somewhat  divided  by  a  longitudinal  ridge,  just  where  the  oeso- 
phagus terminates  in  the  stomach. 

This  lobe  is  the  longest  and  narrowest,  is  cylindrical,  and 
runs  down  on  the  right  side  of  the  body,  covering  half  the 
stomach,  near  the  end  of  which  it  extends  to  the  left,  and  forms 
the  second  lobe,  which  is  throughout  connected  with  the  former, 
and  with  it  fills  up  the  whole  cavity  of  this  part  of  the  belly. 
This  second  lobe  terminates  in  a  third,  which  lies  deep  in  the 
left  side,  is  of  an  oval  form,  with  a  pointed  end,  and  has  several 
incisions  on  its  edges. 

The  fourth,  a  very  small  lobe,  is  formed  on  the  under  edge 
of  the  first,  and  only  marked  by  two  incisions,  caused  by  the 
cavity  in  which  the  gall-bladder  lies. 

The  fifth  lobe  is  the  broadest,  as  it  fills  up  the  whole  breadth 
of  the  body :  it  is  almost  quadrangular;  terminates  in  a  point  to 
the  right,  and  goes  off  in  an  oblique  direction  to  the  left. 

The  upper  surface  of  the  liver  is  smooth  and  convex,  the 
under  one  somewhat  rough  and  concave.  On  the  upper  sur- 
face are  transverse  elevations  like  ribs ;  and  a  thin  membrane 
runs  from  the  pericardium,  along  with  the  blood  vessel,  to  its 
beginning,  and  over  the  middle  of  the  first  lobe  to  the  second, 
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fastening  this  part  of  it,  like  the  Ijgamentum  suspensorium  in 
Qther  animals,  to  the  muscles  of  the  body ;  a  similar  mem* 
brane  connects  the  liver,  underneath,  with  the  parts  contiguous, 
to  it  .  .:  I  .nJiir-v  thun  w/ 

The  longer  blood  vessel  mentioned  in  the  description  of  the 
heart,  after  having  formed  the  enlargement  already  spoken  of, 
forms  a  double  one  on  the  upperpart  of  the  liver ;  then  runs  down 
on  the  right  edge  of  that  viscus,  giving  out  some  small  branches 
to  its  substance,  also  one  to  the  mesentery ;  and  terminates 
upon  the  surface  of  the  fifth  lobe  of  the  liver,  in  a  great  ramified 
branch.  The  colour  of  the  liver  is  a  dark  bluish-grey,  with 
numerous  small  black  spots :  its  substance  is  glandulous  and 
compact,  more  so  than  I  have  observed  in  other  analogous 
amphibious  animals,  or  fishes. 

The  gall-bladder  is  pretty  large,  so  as  to  fill  up  the  whole 
cavity  formed  by  the  lobes  of  the  liver,  to  which  it  is,  in  some 
places,  firmly  attached,  as  it  is,  underneath,  to  the  first  intes- 
tine ;  thus  having  an  immediate  connection  both  with  the  liver 
and  the  intestines. 

The  oesophagus  is  a  narrow  canal,  of  about  one  inch  in 
length :  it  runs  down  on  the  back ;  is  strong,  and  internally 
full  of  longitudinal  wrinkles,  particularly  as  it  approaches  the 
stomach,  at  the  orifice  of  which  they  form  a  perfect  cardia. 

The  stomach  is  entirely  distinct  from  the  oesophagus  and 
bowels,  being  infinitely  wider.  It  forms  a  bag,  about  two 
inches  long,  of  a  strong  and  almost  coriaceous  appearance.* 
Its  lower  end  terminates  in  a  narrow  duodenum,  which  con- 
tinues nearly  straight  for  about  two  inches,  forming  the  small 
intestines,  then  making  three  considerable  convolutions,  and 

•  In  the  stomach  of  one  specimen,  I  found  the  head  and  bones  of  a  small  6sh. 
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terminating  in  the  rectum,  which  is  very  strong,  and  wider 
towards  the  anus. 
The  internal  surface  of  the  stomach,  towards  the  bowels,  is 

very  much  wrinkled  longitudinally,  forming  a  perfect  pylorus. 
These  wrinkles  continue  throughout  the  whole  length  of  the 
intestinal  canal,  and,  in  the  large  intestines,  are  very  strong, 
forming  serrated  plica?. 

The  stomach  and  intestines  are  very  loose  in  the  cavity, 
being  connected  with  the  neighbouring  parts  only  by  thin 
membranes.  The  rectum,  however,  at  its  termination,  is  firmly 
connected  with  the  kidney  underneath,  and  attached  above  to  the 
ossa  pubis.  A  little  above  this  is  a  narrow  viscus,  about  half  an 
inch  long,  fastened  by  its  lower  end  to  the  rectum,  and,  by  a 
long  slender  membrane  from  its  outer  edge,  to  the  muscles  of 
the  abdomen.  It  is  hollow,  of  a  very  spongy  substance,  and 
opens  into  the  lower  end  of  the  rectum,  by  means  of  a  short 
narrow  canal,  through  which  I  could  pass  a  thin  bristle.  By 
its  situation  and  structure,  I  suppose  it  to  be  the  uterus;  though 
I  observed  it  in  every  one  of  the  dissected  specimens. 

The  spleen  is  flat  and  narrow,  about  one  inch  and  a  half 
long,  fastened  to  the  back  of  the  stomach  on  the  left,  and  also 
to  the  pancreas,  with  which  it  seems  to  be  farther  connected  by 
three  vessels :  its  substance  is  compact,  and  has  a  glandular 
appearance. 

The  pancreas  is  narrow,  and  about  one  inch  long;  it  is 
attached  to  the  back  of  the  duodenum,  and  also  to  the  gall- 
bladder. 

The  mesentery  is  a  thin  membrane,  fastened  strongly  to  the 
back  of  the  intestinal  canal  on  one  side,  and  to  the  neighbour- 
ing parts  on  the  other.  It  is  full  of  blood  vessels,  two  of  which 
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are  very  conspicuous ;  one  near  the  intestines,  beginning 
from  the  under  edge  of  the  pancreas,  and  terminating  on  the 
rectum,  after  having  sent  off  numerous  branches  to  the  bowels: 
the  other  is  the  above  mentioned  branch  of  the  blood  vessel  of 
the  liver;  it  runs  on  the  opposite  edge  of  the  mesentery,  parallel 
with  the  former,  giving  out  numerous  branches,  some  towards 
the  bowels,  (anastomosing  with  the  former  vessel,)  others 
towards  the  neighbouring  parts. 

Upon  the  spine,  and  strongly  fastened  to  it,  lies  a  viscus, 
which  originates  in  two  thin  membranous  strings  in  the  thorax: 
these  strings  soon  unite  into  one;  in  the  course  of  which,  lower 
down,  appears  a  glandulous  substance,  forming  innumerable 
small  and  narrow  convolutions,  from  which  several  blood 
vessels  go  off  towards  the  spine.  This  glandulous  substance, 
which  is  very  thin  and  narrow  about  the  middle  of  the  body, 
grows  sensibly  larger  in  its  course  downwards,  and  termi- 
nates at  last,  a  little  above  the  beginning  of  the  rectum,  in  an 
oblong  flat  viscus,  of  a  glandulous  appearance,  divided  in  the 
middle  by  a  shallow  longitudinal  ridge.  It  is  a  little  broader 
than  the  rectum,  under  which  it  lies ;  it  is  fastened  to  the  spine, 
and  opens  at  its  lower  end  into  the  rectum,  by  a  short  and 
narrow  canal.  Its  situation  and  structure  led  me  to  suppose  it 
to  be  the  kidney. 

There  are  still  two  other  viscera,  somewhat  resembling  the 
blind  intestines  in  some  fishes;  they  must  not,  however,  be  con- 
founded with  them,  as  they  do  not  belong  to  the  intestines,  but 
appear  evidently  to  be  the  ovaries.  They  are  situated  low  in 
the  belly,  one  on  each  side  the  spine,  and  seem  to  originate 
in  a  blood  vessel  which  runs  down  the  pneumatic  bladders,  (of 
which  I  am  going  to  speak,)  and  a  membrane  connecting  them 
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with  the  mesentery :  these  unite  together,  and  terminate  in  a 
narrow  hollow  viscus,  about  half  an  inch  long,  and  impervious 
at  its  broader  end.  Its  substance  seemed  to  be  composed  of 
small  glands.  In  one  of  the  specimens,  it  had  the  appearance  of 
a  transparent  membranous  bag,  containing  a  mass  of  small 
glands,  or  little  eggs,  of  the  size  of  a  grain  of  millet,  conglu- 
tinated  together. 

Below  the  heart,  in  the  thorax,  there  is  a  bag  about  one  inch 
long,  of  a  very  simple  and  thin  membrane,  without  any  appa- 
rent vessel.  The  upper  end  of  this  bag  is  round  and  impervious: 
the  lower  end  terminates  in  two  ducts,  of  which  the  right, 
accompanied  by  a  blood  vessel,  runs  down  under  the  liver,  and 
is  connected  to  its  outer  edge  by  a  membrane,  until  it  reaches 
the  middle  of  the  body,  where  it  grows  wider,  and  terminates 
in  a  small  oval  membranous  bladder.  In  one  specimen,  this 
bladder  was  very  small,  and  semilunar.  The  blood  vessel 
accompanying  the  duct  goes  as  far  as  the  middle  of  this 
bladder,  then  separates  from  it,  joining  with  the  membrane  of 
the  mesentery ;  thus  forming  the  beginning  of  the  ovary  on 
this  side,  after  having  received  some  small  branches  of  the 
vessel  coming  from  the  liver  to  the  mesentery.  The  bladder 
itself  terminates  in  a  sharp  point.  The  duct  on  the  left  side 
runs  down  like  the  former,  but  under  the  stomach,  to  which  it 
is  fastened  by  a  membrane :  it  runs  lower  down  in  the  belly 
than  that  on  the  right,  and  terminates  in  an  oblong  bladder,  of 
the  same  shape  and  structure  as  the  former,  but  always  consi- 
derably larger. 

The  blood  vessel  which  comes  to  the  bladder  along  with  its 
duct,  divides  into  two  branches :  one  runs  over  the  surface  of 
the  bladder,  is  very  large,  and  divides  into  numerous  branches 
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which  seem  to  anastomose  with  the  branches  of  a  smaller 
vessel,  probably  an  artery,  running  on  the  opposite  side.  The 
other  branch  goes,  in  the  manner  before  described,  to  the 
ovary  of  the  left  side,  which  is  likewise  connected  by  a  mem- 
brane with  the  mesentery. 

Upon  opening  the  pneumatic  bag  above  mentioned,  I  found  it 
quite  simple,  without  any  cellular  structure,  as  in  other  amphi- 
bious animals ;  but  there  was  an  intermediate  membrane,  which 
separated  it  into  two  cavities,  between  which,  however,  a  com- 
munication was  left,  at  the  upper  end  of  the  bag,  by  a  large 
semilunar  opening.  The  communication  of  these  cavities,  with 
their  respective  ducts  and  bladders,  was  plainly  shewn  by 
blowing  air  into  them,  which  readily  passed  from  one  to  the 
other:  indeed  the  ducts,  though  very  narrow,  admitted  water 
to  be  driven  through  them  by  means  of  a  fine  syringe,  so  that 
I  was  able  to  fill  both  bladders  entirely.  In  the  back  of  the 
upper  part  of  the  bag  there  is  a  small  opening,  which  ter- 
minates, by  a  very  narrow  canal  or  trachea,  in  a  small  slit  or 
glottis,  at  the  bottom  of  the  lower  jaw;  shewing  very  evidently, 
that  these  parts  constitute  the  respiratory  organs  or  lungs  of 
this  animal. 

I  shall  not  attempt  to  construct  any  hypothesis  respect- 
ing the  nature  and  manner  of  living  of  this  animal,  or  make 
any  deductions  respecting  the  singular  structure  of  these 
parts,  so  much  deviating  from  the  common  organization.  I 
shall  only  remark,  that  Mr.  Schneider,  in  his  work  already 
quoted,  mentions,  though  obscurely,  and  only  in  a  few  words, 
(p.  6*3,  &c. )  that  he  observed  a  similar  structure  of  the  respira- 
tory organs,  in  what  he  supposes  a  larva  of  the  Laccrta  palus- 
tris.    It  seems  extraordinary  that  he  paid  so  little  attention  to 


Digitized  by  Google 


256  Dr.  Schreibers's  Description  of 

such  a  surprising  organization.  I  have  dissected  many  larvae  of 
water  lizards,  but  never  could  discover  any  such  structure. 

The  skin  of  this  animal  is  very  tenacious  and  coriaceous :  by 
looking  at  it  with  a  magnifier,  there  appears  a  quantity  of 
minute  glands  under  the  epidermis,  similar  to  those  in  water 
lizards,  &c.  It  is  strongly  attached  to  the  muscles  under- 
neath, in  several  places,  by  the  cellular  membrane,  in  which 
the  above  mentioned  glands  are  dispersed,  and  which  is  filled, 
particularly  upon  the  back,  with  a  tough  viscous  matter.  Of 
the  muscular  fibres,  I  observed  three  different  layers,  which 
however  are  very  thin,  but  firmly  connected  with  each  other : 
the  fibres  of  the  two  outer  layers  are  very  tender,  and  trans- 
verse; those  of  the  middle  layer  are  stronger,  and  longitudinal. 
On  the  under  side  of  the  lower  jaw,  are  the  following  strata. 
Immediately  under  the  skin  is  a  thin  stratum  of  transverse 
fibres;  under  this,  in  the  middle,  is  a  stratum  of  longitudi- 
nal fibres ;  there  are  alsd  two  very  large  and  strong  muscles  on 
each  side,  of  which  the  upper  ones  consist  of  fibres  running 
obliquely  from  the  middle  outwards  and  downwards :  the  under 
ones  are  somewhat  stronger,  and  consist  also  of  oblique  fibres, 
not  running  parallel  to  the  first,  but  still  more  obliquely,  and 
almost  transverse.  The  forehead  and  the  occiput  are  covered 
by  five  muscles ;  two  in  the  middle  of  the  forehead,  very  large, 
and  composed  of  strong  transverse  curved  fibres,  divided  only 
by  a  ridge  from  each  other,  and  forming  together  the  figure  of 
a  heart,  with  the  point  backwards :  their  fore  part  forms  the 
declivity  of  the  front  to  the  rostrum,  (which  is  only  covered  by 
a  thin  layer  of  longitudinal  fibres,)  and  the  two  tubercules  on 
the  forehead,  which  Dr.  Scopoli  took  for  eyes.  On  each  side 
of  these  muscles  there  is  another  muscle,  composed  of  very 
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strong  longitudinal  fibres,  narrow  on  the  forehead,  but  very  large 
on  the  occiput :  in  the  middle  of  this  there  is  a  thin  narrow 
stratum  of  straight  longitudinal  fibres,  covering  the  occiput 
itself,  and  extending  from  the  point  of  the  heart-shaped  muscle, 
over  the  neck  and  spine.  By  these  very  strong  muscles,  the 
head  appears  of  a  large  size,  and  the  rostrum  is  very  conspicuous, 
which  otherwise,  according  to  the  form  of  the  bones,  would  be 
very  flat,  narrow,  and  almost  cylindrical. 

The  skin  is  in  some  places  firmly  connected  with  the  muscles 
of  the  head ;  but  its  strongest  connection  is  on  the  outer  edge 
of  the  rostrum,  with  the  bone  itself,  (where  it  forms,  by  a 
duplicature,  a  large  thick  lip,)  and  on  the  sides  of  the  occiput, 
where  it  forms  the  branchial  appendages;  these  are  a  con- 
tinuation of  the  epidermis,  forming,  or  at  least  investing,  blood 
vessels  attached  by  a  duplicature  of  the  skin  to  the  sides  of  the 
head.  On  the  back,  besides  the  cover  of  transverse  fibres,  is  a 
stratum  of  strong  longitudinal  ones. 

There  is,  in  each  jaw,  a  row  of  very  minute  sharp  teetii. 

The  tongue  is  pretty  large  and  fleshy;  it  is  loose  at  the  point, 
but  attached  by  its  root  to  the  lower  jaw,  and  fastened  on  both 
sides,  by  two  muscular  strings,  to  the  os  hyoides. 

In  the  pharynx,  above  the  oesophagus,  there  is  a  very  small 
oblong  slit,  or  glottis,  (like  that  which,  in  fishes,  leads  to  the 
swimming  bladder  by  means  of  a  canal,)  without  epiglottis;  but, 
as  it  is  situated  between  the  longitudinal  fibres  at  the  beginning 
of  the  oesophagus,  it  contracts  and  shuts,  when  the  oesophagus 
is  longitudinally  extended  in  swallowing  the  victuals. 

On  each  side  of  the  lower  jaw  appear  the  three  branchial 
cartilages,  to  which,  as  is  above  mentioned,  tiic  membranes  are 
attached. 
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The  bones  seem  to  be  of  the  same  conformation  and  nature 
as  in  salamanders.  I  could  not  construct  a  perfect  skeleton ; 
as  the  flesh  was  so  strongly  contracted  and  hardened  by  the 
spirit,  that  I  was  obliged  to  boil  it  some  time,  by  which  the 
bones  were  dissolved.  However,  I  can  assert,  that  there  were 
no  ribs,  or  sternum ;  but  there  were  bones  in  the  tail. 

Though  I  shall  not  enter  into  a  comparison  of  this  animal  with 
those  which  are  analogous  to  it,*  I  must  say  something  respect- 
ing its  analogy  with  the  famous  Siren  lacertina  of  Linnaeus;  with 
which  it  agrees  in  the  most  striking  particulars,  viz.  in  having 
gills  and  lungs,  and  therefore  causes  the  same  doubts  about 
its  being  a  perfect  animal.  The  doubts  respecting  the  Siren  are 
not  yet  removed;  but  are  rather  increased,  by  different  anato- 
mical accounts,  given  by  two  equally  renowned  anatomists, 
Hunter  and  Camper.  In  conformity  to  the  opinion  of  the 
latter,  who  asserted  that  the  animal  was  destitute  of  lungs,  it 
has  lately  been  removed  from  the  class  of  amphibious  animals, 
and  transferred  to  that  of  fishes,  under  the  name  of  Murena 
Siren.  The  principal  difference  between  the  Siren  and  the 
animal  here  described,  (besides  the  former  having  only  two  feet, ) 
consists  in  the  head  and  lungs.  In  the  Siren,  the  head  is  short, 
having  no  rostrum,  but  a  pointed  small  mouth,  conspicuous 
eyes,  and  nostrils.  The  lungs,  although  constructed  also  of  a 
simple  membrane,  without  cellular  subdivisions,  and  running 
down  the  whole  length  of  the  body  on  each  side,  are  divided 

By  these  I  mean,  the  larva  of  Salamanders  and  of  some  water  lizards,  the  Proteus 
Tritoneus  of  La  u  r  i  m  t  i  and  So  *  l  m  a  n  n  ,  and  the  animal  lately  (but  very  imperfectly) 
described  in  the  Transactions  of  the  American  Philosophical  Society  for  the  year  1799, 
as  a  new  species  of  Siren.  The  latter,  in  shape,  in  size,  and  m  the  form  and  structure 
pf  the  head  and  feet,  is  totally  different  from  the  animal  described  In  this  Paper,  being 
much  more  analogous  to  the  above  mentioned  larvae. 
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from  the  beginning,  and  are  throughout  equally  wide;  neither 
forming  the  ducts,  nor  the  remarkable  bladders,  described  in  this 
Paper.  Notwithstanding  this  material  difference,  and  many 
others  of  less  consequence,  there  is  no  doubt  that  these  two 
animals  are  nearly  allied  to  each  other. 

Having  thus  given  a  faithful  account  of  this  ambiguous 
animal,  and  as  perfect  a  one  as  circumstances  enable  me  to  do, 
I  shall  only  express  my  hopes,  that  it  will  be  considered  as  an 
interesting  addition  to  the  knowledge  of  natural  history  and 
comparative  anatomy,  whether  the  animal  here  described  be 
supposed  a  perfect  one,  or  whether  it  be  considered  as  the  larva 
of  some  unknown  species.  To  those  who  may  incline  to  the 
latter  opinion,  I  shall  only  say,  that  notwithstanding  the  most 
careful  researches  during  many  years,  and  the  frequent  fishing 
in  the  lakes  and  caverns  of  the  neighbouring  country,  at  every 
season  of  the  year,  no  animal  has  hitherto  been  detected,  of 
which  it  can  possibly  be  the  larva. 
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EXPLANATION  OF  THE  PLATES. 

Plate  XVI. 

The  animal,  apparently  in  its  full  grown  state,  in  the  act  of 
swimming. 

Plate  XVII. 

Fig.  1.  The  liver. 

a,  Its  beginning,  with  a  rostriform  point. 

b,  b,  The  first,  and  uppermost,  narrow  cylindrical  lobe. 

c,  The  second  lobe,  to  the  left,  a  continuation  of  the  former. 
dt  d,  The  third  lobe,  a  continuation  of  the  second,  quite  in 

the  left  side. 
e,  The  fourth  lobe. 
/,  /,  The  fifth  and  largest  lobe. 

gt  The  connection  of  this  lobe  with  the  upper  part  of  the 
liver,  to  the  right. 

by  Termination  of  the  liver  on  the  right  side. 

/,  A  cavity  formed  by  the  different  lobes,  for  the  reception  of 
the  gall-bladder. 

ky  A  varicose  dilatation  of  the  blood  vessel  running  from  the 
heart  to  the  liver. 

/,  Course  of  this  blood  vessel,  on  the  outer  edge  of  the  liver, 
to  the  right. 

my  Its  double  dilatation,  on  the  upper  corner  of  the  liver. 

riy  n,  Its  farther  course  downwards. 

ot  o,  Its  branches  going  to  the  superficies  of  the  liver. 
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p,  Its  termination,  in  a  ramified  branch,  on  the  superficies  of 
the  fifth  lobe. 

q,  q,  q,  A  membrane  originating  from  the  pericardium, 
running  longitudinally  over  the  middle  of  the  liver,  as  far  as  the 
third  lobe,  to  the  left,  and  attaching  the  liver  to  the  muscles  of 
the  belly. 

Fig.  2.  The  intestines  and  organs  of  respiration. 

a,  a,  The  pericardium  laid  open,  the  heart  being  removed. 

by  The  upper  part  of  the  air-bag,  forming  the  beginning  of 
the  lungs. 

c ,  cy  The  bag  itself,  formed  by  a  thin  and  simple  membrane, 
and  divided  into  two  cavities. 

d,  d,  The  right  pneumatic  duct,  being  a  continuation  of  the 
right  cavity  of  the  air-bag. 

e,  The  air-bladder  in  which  this  duct  terminates. 

/,/,  A  thin  membrane,  connecting  the  pneumatic  duct  with 
the  outer  edge  of  the  liver,  to  the  right* 

g,g,  The  left  pneumatic  duct,  running  underneath  the 
stomach,  to  the  air-bladder. 

b,  The  oesophagus. 
i,  i,  The  stomach. 

k,  The  termination  of  the  ventricle  in  the  duodenum. 

/,  /,  The  small  intestines. 

?n,  m,  in,  The  large  convoluted  intestines. 

«,  The  rectum. 

0,  The  anus. 

p,  A  viscus  attached  to  the  rectum,  probably  the  uterus. 
q>q,  A  membrane  connecting  this  viscus  with  the  muscles 
of  the  belly. 
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r,  A  part  of  the  spleen. 
sf  The  gall-bladder. 
t ,  t,  The  two  ends  of  the  pancreas, 
w, «,  The  mesentery. 

v,  v9  A  blood  vessel  originating  from  the  lower  end  of  the 
pancreas,  running  down  the  mesentery,  and  sending  branches 
to  the  intestines. 

w,  wf  A  branch  of  the  blood  vessel  of  the  liver,  running 
parallel  to  the  former,  with  which  it  anastomoses. 

x,  Another  branch,  anastomosing  with  the  blood  vessel  of  the 
right  pneumatic  duct,  and  running  to  the  ovary  of  that  side. 

y,y,  The  blood  vessel  of  the  right  pneumatic  duct,  termi- 
nating in  the  ovary. 

Fig.  3.  The  same  intestines  and  organs,  on  the  opposite  side. 

a,  a,  The  oesophagus.  A  ' 

btbf  The  stomach.  ■ 

c,  c,  The  small  intestines. 

d,  d,  d,  The  large  intestines. 

e,  e,  The  rectum. 

/,  The  viscus  attached  to  it.  .\  ,  \ 

g,g,  The  spleen,  attached  to  the  stomach  on  the  left. 
by  bf  The  pancreas,  attached  to  the  duodenum. 
/,  The  gall-bladder,  attached  on  one  side  to  the  pancreas  and 
the  duodenum.  -ilT  vn 

kykyky  The  mesentery.  tT  a> 

/,  /,  The  pancreatic  blood  vessel. 

m,m,  The  hepatic  blood  vessel.  /  ,p7? 

«,  The  right  ovary. 
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o,  The  left  ovary. 
p,p,  The  air  bag. 

q,  q,  The  left  pneumatic  duct,  attached  to  the  stomach  by 
a  membrane,  and  terminating  in  the  air-bladder, 
r,  r,  The  left  air-bladder. 

s,  s,  The  blood  vessel  accompanying  this  duct,  and  termi- 
nating upon  the  air-bladder  in  a  large  ramified  branch. 

t,  t,  The  right  pneumatic  duct,  terminating  in  its  air-bladder. 
u,  The  right  air-bladder. 

v,  v,  A  membrane  connecting  the  duct  with  the  liver. 

Fig.  4.  The  viscus  supposed  to  be  the  kidney. 

a,  a,  Its  beginning  in  two  membranous  strings,  in  the  thorax, 
upon  the  spine. 

bf  b,  Its  course  while  yet  merely  membranous. 

c,  c,  The  same,  increasing  gradually  in  size  and  substance, 
and  being  very  much  convoluted. 

d,  dt  A  membrane  accompanying  it,  and  attaching  it  to  the 
spine. 

e,  e,  e„  Branches  of  blood  vessels  running  from  it,  across  the 
membrane,  to  the  spine. 

/,/,  Termination  of  this  viscus,  under  the  rectum,  in  a  flat, 
oblong,  spongy  body,  divided  superficially,  by  a  longitudinal 
ridge,  into  two  equal  parts. 

Fig.  5.  The  bead  and  upper  jazv,  with  the  skin  removed. 

a,  The  bill-like  prolongation  of  the  forehead,  covered  by  a 
thin  stratum  of  longitudinal  muscular  fibres. 
6,  The  thick  upper  lip. 
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cy  c,  The  eyes. 

d,  d,  The  large  muscles  of  the  forehead,  forming  together 
the  figure  of  a  heart. 

ey  €y  The  strong  lateral  or  temporal  muscles,  composed  of 
oblique  fibres. 

/,  The  occipital  muscle,  composed  of  longitudinal  fibres. 

Fig.  6.  The  inside  of  the  under  jaw. 

a,  The  under  lip. 

b,  b,  A  row  of  teeth. 

c,  The  tongue. 

dy  dy  The  muscles  of  the  tongue. 
6y  et  The  muscles  of  the  jaw. 
/,  The  pharynx. 

gt  The  small  aperture  of  the  trachea,  or  rima  glottidis. 
h,  The  beginning  of  the  oesophagus. 
/,  i,  iy  The  three  branchial  cartilages. 
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XIII.  Observations  tending  to  investigate  the  Nature  oj  the  Sun, 
in  order  to  fnd  tlx  Causes  or  Symptoms  of  its  variable  Emission 
of  Light  and  Heat ;  with  Remarks  on  the  Use  that  may  pos- 
sibly be  drawn  from  Solar  Observations.  By  William  Herschel, 
L.  L.  D.  F.  Ji.  S. 

Read  April  16,  1801. 

O  n  a  former  occasion  I  have  shewn,  that  we  have  great  reason 
to  look  upon  the  sun  as  a  most  magnificent  habitable  globe ; 
and,  from  the  observations  which  will  be  related  in  this  Paper, 
it  will  now  be  seen,  that  all  the  arguments  we  have  used  hefore 
are  not  only  confirmed,  but  that  we  are  encouraged  to  go  a 
considerable  step  farther,  in  the  investig  ^tion  of  the  physical  and 
planetary  construction  of  the  sun.  The  influence  of  this  emi- 
nent body,  on  the  globe  we  inhabit,  is  so  great,  and  so  widely 
diffused,  that  it  becomes  almost  a  duty  for  us  to  study  the  ope- 
rations which  are  carried  on  upon  the  solar  surface.  Since  light 
and  heat  are  so  essential  to  our  well-being,  it  must  certainly 
be  right  for  us  to  look  into  the  source  from  whence  they  are 
derived,  in  order  to  see  whether  some  material  advantage  may 
not  be  drawn  from  a  thorough  acquaintance  with  the  causes 
from  which  they  originate. 

A  similar  motive  engaged  the  Egyptians  formerly  to  study 
and  watch  the  motions  of  the  Nile ;  and  to  construct  instru- 
ments for  measuring  its  rise  with  accuracy.   They  knew  very 
well,  that  it  was  not  in  their  power  to  add  a  single  inch  to  the 
mdccci.  M  m 
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flowing  waters  of  that  wonderful  river ;  and  so,  in  the  case  of  the 
sun's  influence,  we  are  likewise  fully  aware,  that  we  shall  never 
be  able  to  occasion  the  least  alteration  in  the  operations  which 
are  carried  on  in  the  solar  atmosphere.  But,  if  the  Egyptians 
could  avail  themselves  of  the  indications  of  a  good  Nilometer, 
what  should  hinder  us  from  drawing  as  profitable  consequences 
from  solar  observations  ?  We  are  not  only  in  possession  of  photo- 
meters and  thermometers,  by  which  we  can  measure  from  time 
to  time  the  light  and  heat  actually  received  from  the  sun,  but 
have  more  especially  telescopes,  that  may  lead  us  to  a  discovery 
of  the  causes  which  dispose  the  sun  to  emit  more  or  less  copi- 
ously the  rays  which  occasion  either  of  them.  And,  if  we  should 
even  fail  in  this  respect,  we  may  at  least  succeed  in  becoming 
acquainted  with  certain  symptoms  or  indications,  from  which 
some  judgment  might  be  formed  of  the  temperature  of  the 
seasons  we  are  likely  to  have. 

Perhaps  our  confidence  in  solar  observations  made  with  this 
view,  might  not  exceed  that  which  we  now  place  on  the  indica- 
tions of  a  good  barometer,  with  regard  to  rain  or  fair  weather; 
but,  even  then,  a  probability  of  a  hot  summer,  or  its  contrary, 
would  always  be  of  greater  consequence  than  the  expectation  of 
a  few  fair  or  rainy  days. 

It  will  be  easily  perceived,  that  in  order  to  obtain  such  an 
intimate  knowledge  of  the  sun  as  that  which  is  required  for  the 
purpose  here  pointed  out,  a  true  information  must  be  first  pro- 
cured of  all  the  phenomena  that  usually  appear  on  its  surface. 
I  have  therefore  attended  to  many  circumstances,  that  have 
either  not  been  noticed  at  all  before,  or  have  not  been  examined 
with  any  particular  view  of  information.  The  improvement  also 
in  the  solar  apparatus  of  my  ten-feet  telescope,  by  which  I  can 
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take  away  as  much  light  and  heat  as  required,  lias  given  me 
additional  facility  of  making  a  great  number  of  particular  ob- 
servations ;  and,  as  they  have  been  all  directed  to  an  investiga- 
tion of  certain  points,  I  shall  give  them  here,  in  the  order  which 
the  arrangement  of  my  subject  will  require. 

It  will  be  necessary,  before  I  can  enter  into  a  detail  of  the 
observations,  to  give  notice  that,  from  an  improved  knowledge 
of  the  physical  construction  of  the  sun,  I  have  found  it  conve- 
nient to  lay  aside  the  old  names  of  spots,  nuclei,  penumbra, 
faculty  and  luculi,  which  can  only  be  looked  upon  as  figurative 
expressions  that  may  lead  to  error.  Nor  were  these  few  terms 
sufficient  to  describe  the  more  minute  appearances  on  the  sun, 
which  I  have  to  point  out. 

The  expressions  I  have  used  are  openings,  shallows,  ridges, 
nodules,  corrugations,  indentations,  and  pores.  It  will  not  be 
amiss  to  give  a  short  explanation  of  these  terms. 

Openings  are  those  places  where,  by  the  accidental  removal 
of  the  luminous  clouds  of  the  sun,  its  own  solid  body  may  be 
seen ;  and  this  not  being  lucid,  the  openings  through  which 
we  see  it  may,  by  a  common  telescope,  be  mistaken  for  mere 
black  spots,  or  their  nuclei. 

Shallows  are  extensive  and  level  depressions  of  the  luminous 
solar  clouds,  generally  surrounding  the  openings  to  a  consider- 
able* distance.  As  they  are  less  luminous  than  the  rest  of  the 
sun,  they  seem  to  have  some  distant,  though  very  imperfect, 
resemblance  to  penumbra ;  which  might  occasion  their  having 
been  called  so  formerly. 

Ridges  are  bright  elevations  of  luminous  matter,  extended  in 
rows  of  an  irregular  arrangement. 

Nodules  are  also  bright  elevations  of  luminous  matter,  but 
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confined  to  a  small  space.  These  nodules,  and  ridges,  on  account 
of  their  being  brighter  than  the  general  surface  of  the  sun,  and 
also  differing  a  little  from  it  in  colour,  have  been  called  faculae, 
and  luculi. 

Corrugations,  I  call  that  very  particular  and  remarkable  un- 
evenness,  ruggedness,  or  asperity,  which  is  peculiar  to  the  lumi- 
nous solar  clouds,  and  extends  all  over  the  surface  of  the  globe 
of  the  sun.  As  the  depressed  parts  of  the  corrugations  are  less 
luminous  than  the  elevated  ones,  the  disk  of  the  sun  has  an 
appearance  which  may  be  called  mottled. 

Indentations  are  the  depressed  or  low  parts  of  the  corruga- 
tions ;  they  also  extend  over  the  whole  surface  of  the  luminous 
solar  clouds. 

Pores  are  very  small  holes  or  openings,  about  the  middle  of 
the  indentations.  ^ 

Any  other  terms  I  may  hereafter  use,  will  be  sufficiently 
explained  by  the  observations  in  which  they  occur. 

I  shall  now  enter  into  an  examination  of  all  the  phenomena 
that  may  be  observed  in  viewing  the  sun  through  a  good  teles- 
cope, beginning  with  those  that  are  most  common ;  a  critical 
investigation  of  which  will  lead  us  gradually  to  such  as  are  more 
intricate. 

It  will  be  seen  that  I  have  brought  my  observations  under  a 
number  of  short  heads,  or  propositions,  such  as  my  subject 
requires.  The  advantage  of  this  method  is,  that  the  tendency 
of  every  observation  will  be  immediately  understood,  while  it  is 
read ;  whereas,  had  I  arranged  these  observations  in  the  order 
in  which  they  were  made,  the  mixture  of  the  various  points  to 
be  ascertained  by  them  must  have  brought  on  a  considerable 
obscurity ;  and,  in  drawing  conclusions  from  them  afterwards, 
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a  repetition  of  the  observations  which  were  to  support  them 
would  have  been  unavoidable. 

I  must  take  notice  of  what  will  perhaps  be  censured  in  many 
of  the  observations ;  they  may  be  said  to  be  accompanied  witb 
surmises,  suppositions,  or  hypotheses  which  should  have  been 
kept  separate.  In  defence  of  this  seeming  impropriety,  I  must 
say,  that  the  observations  are  of  such  a  nature,  that  I  found  it 
impossible,  at  the  very  time  of  seeing  the  new  objects  that  pre- 
sented themselves  to  my  view,  to  refrain  from  ideas  that  would 
obtrude  themselves.  It  may  even  be  said,  that  since  observa- 
tions are  made  with  no  other  view  than  to  draw  such  conclusions 
from,  them  as  may  instruct  us  in  the  nature  of  the  things  we  see, 
there  cannot  be  a  more  proper  time  for  entertaining  surmises 
than  when  the  object  itself  is  in  view. 

Now,  since  the  suggestions  that  have  been  inserted  were 
always  such  as  arose  at  the  moment  of  the  observations,  they 
are  so  blended  with  them,  that  they  would  lose  much  of  their 
value  as  arguments,  if  they  were  given  separately. 

In  order  not  to  lengthen  this  Paper  unnecessarily,  I  have 
given  but  a  few  observations  under  each  head;  especially  with 
those  propositions  which  may  be  looked  upon  as  already  suffici- 
ently established  by  the  observations  of  other  astronomers.  The 
whole  tenor  of  the  observations  I  have  given,  though  divided 
under  such  numerous  heads,  is  indeed  such  as  must  produce 
a  mutual  support ;  so  that,  frequently,  one  or  two  particular 
observations  were  thought  sufficient  to  establish  my  point,  when 
I  might  have  added  many  more,  from  my  journals,  in  support 
of  it. 
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OF  OPENINGS. 

Openings  are  Places  where  the  luminous  Clouds  of  the  Sun  are 

removed. 

That  those  appearances  which  have  been  called  spots  in  the 
sun,  are  real  openings  in  the  luminous  clouds  of  the  solar  atmo- 
sphere, may  be  concluded  from  the  following  observations, 
where  the  sides  or  thicknesses  of  the  borders  which  limit  the 
openings  are  distinctly  described. 

Jan.  4,  1801.  There  is  a  large  opening  much  past  the  centre 
of  the  sun,  with  a  shallow  about  it.  *  On  the  preceding  side,  I 
see  the  thickness  of  the  shallow,  from  its  surface  downwards. 
On  the  following  side,  I  also  see  the  edge  of  the  shallow  near 
the  opening ;  but  it  is  sharp,  and  its  thickness  cannot  be  seen. 

I  see  also  the  side  of  the  elevation  surrounding  the  shallow, 
going  curvedly  down  to  the  surface  of  the  shallow,  on  its  pre- 
ceding side. 

A  large  collection  of  openings,  of  very  different  sizes,  are  near 
the  following  limb.  They  all  manifest  the  same  kind  of  optical 
appearance,  but  on  the  side  which  is  contrary  to  that  in  the  open- 
ing before  mentioned  ;  for  here  the  thicknesses  or  depths  of  the 
shallows,  and  of  the  slopes  going  down  from  the  upper  surface 
to  the  shallows,  are  only  visible  on  the  following  side,  but  not 
on  the  preceding  one.-f 

•  See  Plate  XVIII.  Fig.  1  and  1. 

t  For  a  geometrical  proof  of  the  depression  of  the  nucleus  of  a  spot,  as  an  opening 
was  formerly  called,  see  a  mo«t  valuable  paper  of  Observations  on  the  Solar  Spots, 
by  the  late  Alexander  Wilson,  M.  D.  Professor  of  Practical  Astronomy  in  the 
University  of  Glasgow.    Phil.  Trans.  Vol  JLXIV.  Part  I. 
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Large  Openings  have  generally  Shallows  about  them. 

Jan.  24,,  1801.  The  two  largest  openings  of  January  19, 
are  completely  surrounded  by  shallows. 

Many  Openings  are  without  Shallows. 

Jan.  22,  1800.  There  are  two  openings  which  have  not  the 
least  shallow  about  them.  The  corrugations  go  equally  between 
and  around  them. 

Feb.  7,  1800.  There  are  two  considerable  openings  not  far 
from  each  other  :  they  have  no  shallows  about  them. 

Small  Openings  are  generally  without  Shallows. 

Dec.  2,  1800.  There  are  a  great  number  of  large  and  small 
openings  :  the  large  ones  have  shallows  about  them ;  the  small 
ones  are  mostly  without. 

Openings  have  generally  Ridges  and  Nodules  about  them. 

Dec.  20,  1794.  There  are  two  openings  near  the  preceding 
margin  of  the  sun  ;  they  have  elevated  extensive  luminous  ridges 
about  them. 

Dec.  23,  1 799.  A  pretty  considerable  opening,  on  the  follow- 
ing side  of  the  disk,  is  surrounded  by  many  ridges. 

Feb.  7,  1800.  Following  two  considerable  openings,  which 
are  not  far  from  each  other,  are  several  irregularly  dispersed 
ridges,  more  bright  than  the  rest  of  the  sun. 

Jan,  4,  1 801 .  Many  clustering  openings  are  lately  come  into 
the  disk:  a  crowd  of  ridges  and  nodules  surround,  and  arv 
interspersed  among  them. 
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Openings  have  a  Tendency  to  run  into  each  other. 

Dec:  25,  1759.  The  large  opening  of  December  23,  and  the 
small  one  near  it,  are  now  nearly  run  into  each  other. 

Jan.  4,  1801.  The  two  largest  openings  of  Jan.  2,  are  nearly 
joined  into  one. 

Jan.  6,  1801.  The  largest  of  the  preceding  openings,  of  a  set 
observed  Jan.  4,  has  drawn  together  all  the  small  ones,  and  is 
increased  in  dimensions. 

Jan.  99,  1801.  ah  10'.  A  longish  opening,  observed  at  i2b,  is 
increased  by  the  addition  of  two  projections.  With  more  atten- 
tion, however,  I  perceive  that  these  projections  are  united  to 
each  other,  but  separated  from  the  longish  opening,  by  a  narrow 
luminous  bridge,  or  compressed  row  of  luminous  clouds. 

Jan.  30,  1801.  The  two  united  projections  of  yesterday  are 
now  joined  to  the  longish  opening. 

New  Openings  break  out  near  other  Openings. 

Dec.  23,  1799.  There  is  a  small  opening  near  the  large  one 
observed  yesterday,  which  then  was  not  visible. 

Jan.  21, 1800.  The  preceding  of  two  openings  observed  before, 
has  now  two  other  small  ones  near  it. 

Probable  Cause  of  Openings. 

Jan.  18,  1801.  Between  two  clusters  of  openings,  near  each 
other,  there  are  some,  as  I  suspect,  incipient  openings :  they 
resemble  coarse  pores  of  indentations. 

Jan.  19,  180 1.  The  incipient  openings,  between  the  clusters 

* 

of  yesterday's  observation,  are  completely  turned  into  consider- 
able openings.   It  seems  as  if  an  elastic,  but  not  luminous  gas, 
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had  come  up  through  the  pores  or  incipient  openings,  and  spread 
itself  on  the  luminous  clouds,  forcing  them  out  of  the  way,  and 
widening  its  passage. 

Feb.  18,  1801,  7h  44'.  The  south  preceding  one  of  three 
large  connected  openings,*  has  a  narrow  branch  coming  from 
its  shallow. 

9h  55'-  The  opening  is  broken  out  at  three  places  ;f  and  the 
shallow  has  three  projections  just  opposite.  It  is  plain  that  the 
breakings-out  and  the  projections  must  have  the  same  cause ; 
which  probably  acts  first  at  the  opening,  and  widens  it,  then 
goes  forward,  and  occasions  the  corresponding  projections  in 
the  shallows. 

The  shallow  is  very  large  on  that  side  where  the  breakings- 
out  are  situated ;  and,  on  the  contrary,  very  narrow  on  the  oppo- 
site, or,  as  it  may  be  called,  the  quiescent  side. 

ioh  12'.  The  broadest  of  the  little  sprouting  shallows  is  oppo- 
site the  broadest  of  the  breakings-out,  or  encroachments  of  the 
opening  on  the  general  shallow. 

Direction  and  Operation  of  the  disturbing  Cause. 

Jan.  24,  1801.  A  small  oblong  opening,  near  a  preceding 
large  one,  has  on  its  north  side  a  very  long  shallow.  This  made 
me  surmise,  that  the  elastic  fluid  coming  out  of  it  might  have  a 
strong  direction  from  below,  towards  that  side.  Examining 
therefore  this  opening  all  round,  I  found  that  the  shallow  ex- 
tended only  to  one  side,  leaving  the  other  parts  full  of  luminous 
matter  close  to  the  margin  of  the  opening.  And,  on  examining 
the  large  opening,  I  found  that  the  shallow  about  it  was  also 
larger,  in  the  same  direction  as  the  shallow  about  the  small  one 

•  Sec  Piatt  XVIII.  Fig.  3.  f  See  Fig.  4. 
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Eight  other  small  openings,  forming  together  a  cluster  with  the 
former  two,  have  every  one  also  their  incipient  shallows  on  the 
same  side ;  that  is,  towards  the  north-following ;  and  none  at 
all  on  the  other  parts  of  their  margins. 

3h  15'.  The  shallow  about  the  small  opening  has  changed  its 
direction.  Itwas  likeFig.  5,  and  is  now  as  in  Fig.  6.  (PlateXVIII.) 
In  the  farthest  end  of  it,  I  expect  an  opening  to  be  coming  on. 

4h  30'.  There  is  already  the  appearance  of  an  incipient 
opening.* 

Jan.  6,  1801.  The  shallows  about  the  large  opening  and  the 
small  one  near  it,  are  much  altered  in  situation  and  dimensions. 
All  the  smaller  openings  near  them  have  undergone  great 
changes;  some  being  gone,  and  new  ones  come  in  different 
places,  while  others  have  altered  their  appearance.  The  bias  in 
the  direction  of  the  shallows  is  also  considerably  changed. 

Jan.  30,  1801.  9h  20'.  There  is  a  cluster  of  small  openings, 
which  I  expect  to  see  united  into  one,  by  the  breaking  down, 
driving  away,  or  dissolution,  of  the  intermediate  communications 
of  luminous  clouds.  From  having  seen  it  yesterday,  I  know  the 
largest  of  the  openings  to  be  a  generating  one.  It  has  an 
increasing  shallow ;  and  the  next  largest  opening  of  the  cluster 
has  an  incipient  one. 

io*  40'.  The  incipient  shallow  is  now  pretty  large, 

1  ih  2'.  There  is  now  also  an  incipient  shallow  about  the  most 
south  of  the  small  openings. 

1  ih  6'.  The  shallow  of  the  largest  opening  is  increased. 

Maxima  of  Openings. 
Jan.  29,  1801,  nh  o'.  The  shallow  of  the  largest  of  many 

•  Sec  Plate  XVIII.  Fig.  7. 
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openings  that  are  visible,  is  most  extended  towards  the  north- 
following  side.*  It  affects  a  circular  form  more  than  the  open- 
ing, but  is  not  concentric  with  it.  It  has  a  small  lip  on  the  north, 
which  I  suppose  denotes  the  direction  of  the  gas  coming  out  of 
the  opening.  A  similar  lip  is  visible  in  the  opening  itself,  as  if 
the  gas,  in  coming  out,  pressed  against  the  luminous  clouds 
which  limit  the  opening,  and  belong  to  the  flat. 

sfc  10'.  The  lip  or  projection  of  the  shallow  about  the  open- 
ing is  filled  up  at  the  sides ;  they  being  now  as  broad  as  the  lip's 
projection.  The  filling  up  is  marked  with  points  in  the  figure. 

Jan.  30,  1801.  The  large  opening  observed  yesterday  is  no 
longer  increased ;  but  seems  to  be  nearly  at  its  maximum. 

Feb.  4,  1801,  ih  10'  The  shallow  of  the  large  opening  is 
much  more  round  than  the  opening,  though  not  concentric  with 
it.  Hence,  its  figure  being  no  longer  disturbed,  I  guess  that  the 
opening  is  near  its  maximum. 

There  is  some  Difference  in  the  Colour  of  Openings. 

March  1, 1800.  There  are  two  large  openings,  which  seem  to 
be  partially  covered,  or  rather  to  have  a  thin,  semi-transparent, 
luminous  veil  of  clouds  still  hovering  over  them ;  this  gives 
them  a  fainter  black  colour  than  openings  generally  have. 

Openings  divide  zvlien  tbey  are  decaying. 

Dec.  16,  1799.  An  opening  observed  the  25th  is  reduced ;  and 
is  divided  in  the  middle  by  a  lucid  line.+ 

Dec.  27, 1799.  The  luminous  bridge  or  passage  across  the 
opening  is  pretty  broad,  and  has  a  branch  about  the  middle. 
This  branch  of  light  has  the  appearance  of  a  luminous  cloud, 

•  See  Plate  XVIII.  Fig.  8.  f  See  Fig.  9. 

Nn  S 


Digitized  by 


976        Dr.  Herschel's  Observations  to  investigate 

irregularly  breaking  out  from  the  passage,  towards  the  southern 
half  of  the  opening. 

Dec.  28,  1795.  The  opening  is  so  completely  vanished,  that 
I  cannot  find  the  least  mark  of  its  former  existence.  From  the 
appearance  of  the  branch  yesterday,  in  the  luminous  division 
resembling  a  bridge  thrown  over  a  cave,  I  surmise  that  this 
branch,  as  well  as  the  sides  of  what  I  call  the  bridge,  have 
extended  themselves,  and  as  it  were  drawn  a  lucid  curtain  over 
the  opaque  surface  of  the  sun. 

Decaying  Openings  sometimes  increase  again. 

Feb.  8, 1801.  The  great  opening,  which  has  been  gradually 
diminishing  since  Feb.  4,  is  now  enlarged  again. 

When  Openings  are  divided,  they  grow  less,  and  vanish. 

„  Dec.  29, 1 799.  The  south  preceding  of  two  openings  observed 
yesterday  is  divided  into  three  small  ones. 

Dec.  31, 1799*  The  divided  opening  of  the  29th  exists  no 
longer. 

Feb.  9, 1800.  Of  two  considerable  openings  observed  Feb.  7, 
the  preceding  one  is  divided  into  several  smaller  parts. 

Feb.  10, 1800.  The  divided  opening  observed  yesterday  is  in 
a  vanishing  state. 

Feb.  1 1,  1800.  The  openings  are  all  covered  in,  and  no  trace 
of  them  can  be  found. 

Decayed  Openings  sometimes  become  large  Indentations. 

Feb.  9, 1800.  The  preceding  of  two  openings  observed  the 
7th  of  February  is  now  about  half  filled  up ;  and  that  half  con- 
tains two  indentations,  with  black  pores,  or  rather  remaining 
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small  openings.  They  are  nearly  of  the  size  of  the  general  cor- 
rugations of  the  solar  surface  at  present. 

Decaying  Openings  turn  sometimes  into  Pores, 

Feb.  10,  1800.  ih  o'.  Between  the  half  of  the  opening  and 
that  part  which  was  nearly  covered  in  yesterday,  is  a  set  of  inden- 
tations, with  pores  rather  larger  than  they  are  in  general. 

When  Openings  are  vanished,  they  leave  Disturbance  behind. 

Dec.  28,  1799.  i2h  10'.  There  is  a  place  among  the  cor- 
rugations, where  they  are  coarser  now  than  they  were  an 
hour  ago. 

ih.  Two  considerable  openings  are  broken  out,  in  the  place 
where  the  corrugations  were  coarse.  They  are  both  so  com- 
pletely dark,  and  free  from  thin  luminous  clouds,  that  it  appears 
very  plainly  they  were  only  hidden  behind  the  slight  covering  of 
luminous  obstructions ;  one  of  them  is  about  the  place  where 
the  opening  of  yesterday  was  situated. 

Jan.  24, 1800.  There  is  a  pretty  large  place,  which  contained 
the  openings  observed  the  22d,  the  luminous  clouds  of  which 
are  in  a  state  of  disturbance :  it  includes  five  or  six  places, 
where  the  pores  of  indentations  assume  the  shapes  of  incipient 
openings,  and  after  some  time  lose  them  again,  more  or  less. 

Feb.  11,  1800.  There  is  a  place  which  I  suppose  to  be  that 
where  the  now  vanished  openings  were  yesterday :  it  seems  to 
be  rather  disturbed  in  the  arrangement  of  its  corrugations.  One 
of  the  indentations  is  probably  an  evanescent  opening,  as  it  still 
shews  a  considerable  pore. 
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Apparent  View  into  the  Openings,  under  luminous  Biidges  ana 

Shallows. 

Dec.  27,  1799.  A  luminous  passage  across  a  large  opening 
has  all  the  appearance  of  a  bridge  going  over  a  hollow  space ; 
and  I  have  no  doubt  but  that  it  is  at  a  considerable  distance 
from  the  opaque  surface  of  the  sun. 

Jan.  4,  1801.  A  ridge  which  separates  two  openings  much 
past  the  centre,  shews  its  thickness  on  the  following  side :  it 
has  a  shallow,  the  preceding  side  of  which  I  see  going  down  to 
the  opening ;  and  it  appears  to  me,  that  there  is  a  considerable 
distance  between  the  lowest  part  of  that  shallow  and  the  dark 
surface  of  the  sun  under  it.  Nor  can  I  help  believing  that  I  see 
aslant  under  it,  towards  the  preceding  side ;  though  I  find  it 
difficult  to  account  for  such  vision,  on  the  principles  of  solar 
perspective. 

Jan.  6,  1801.  The  same  opening  is  now  further  advanced 
towards  the  limb  of  the  sun.  It  appears  again  to  me,  that  on 
the  preceding  side  I  see  far  under  the  shallow.  I  suspect  the 
part  towards  P  to  be  of  a  deeper  dark  colour  than  that  towards 
F;  *  but  the  difference,  if  there  be  any,  is  not  marked  enough  to 
be  decisive. 

Depth  of  the  Openings,  indicated  by  their  Darkness. 

Jan.  15,  1801.  nh  10'.  One  of  the  openings,  which  is  near 
the  preceding  limb  of  the  sun,  is  remarkably  black.  The  tint  of 
openings  may  perhaps  assist  us  to  infer  their  depth ;  which  must 
be  greater  in  a  direction  towards  us,  when  the  opening  is  near 
the  circumference,  than  when  it  is  near  the  centre,  if  the 

•  See  Plate  XVIII.  Fig.  1  and  a. 
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distance  from  the  shallows  to  the  opaque  surface  should  be 
considerable. 

I  have  compared  the  darkness  of  two  openings  near  the 
centre,  with  the  appearance  of  that  near  the  preceding  limb. 
It  is  decidedly  in  favour  of  the  blackness  of  the  latter :  this  is 
however  larger  than  the  former  two;  which  may  occasion 
deceptions. 

The  opening  near  the  limb  is  certainly  darker  than  the  two 
which  are  near  the  centre. 

Feb.  5,  1801.  An  opening  very  near  the  preceding  margin  is 
of  a  deep  black  colour ;  certainly  more  so  than  another  which  is 
not  far  off,  but  is  more  towards  the  centre  of  the  sun. 

Feb.  8,  1801.  The  large  opening  near  the  margin,  is  darker 
than  two  other  openings  which  are  about  the  centre  of  the  solar 
disk  :  the  difference,  however,  is  hardly  sufficient  to  be  decisive. 
The  two  openings  are  also  much  smaller;  which  may  occasion 
a  deception. 

Distance  between  the  Shallows  and  solar  Surface,  indicated  by  the 

free  Motion  of  low  Clouds. 

Jan,  25,  180 1.  9h  22'.  A  large  opening,  which  I  have  been 
observing  since  the  19th,  is  now  much  advanced  towards  the 
limb.*  I  can  see  into  it ;  and,  on  the  preceding  side,  as  it  ap- 
pears to  me,  a  good  way  under  the  lowest  regions  of  the  clouds 
of  which  the  shallow  consists.  The  upper  margin  of  the  shal- 
low is  very  sharply  determined ;  but  the  clouds  of  thejower  part 
of  it,  on  the  contrary,  are  more  dispersed ;  some  of  them  hanging 
a  good  way  down,  towards  the  surface  of  the  sun's  body.f 

job  20'.  The  preceding  side  of  the  shallow  of  the  large 

•  See  Plate  XIX.  Fig.  10.  f  Sec  Fig.  1 1. 
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opening,  is  now  more  abruptly  terminated  at  the  bottom  of  its 
thickness;  the  hanging  or  projecting  clouds  being  removed 
towards  the  following  side.* 

%  OP  SHALLOWS. 

Sballoivs  are  depressed  below  the  general  Surface  of  the  Sun ;  and 
are  Places  where  the  luminous  solar  Clouds  of  the  upper  Regions 
are  removed. 

That  those  appearances  which  have  been  called  penumbra? 
are  real  depressions,  or  shallows,  may  already  be  concluded, 
from  what  has  been  related  with  regard  to  the  slopes  from  the 
upper  surface  of  the  sun,  down  to  the  top  of  these  shallows ; 
and  will  follow  still  more  evidently,  from  an  observation  of  one 
of  them  on  the  very  limb  of  the  sun. 

Dec.  3,  1800.  There  is  a  considerable  opening  just  come  into 
the  disk,  which  is  followed  by  another  that  is  actually  in  the  limb 
of  the  sun.  The  uniformity  of  the  circular  termination  of  the 
limb  suffers  a  small  deviation ;  it  being  somewhat  depressed, 
owing  to  the  shallow  about  the  opening.  I  do  not  yet  perceive 
the  opening  itself  with  certainty ;  but  suppose  it  will  appear  to 
be  one,  when  it  advances  more  into  the  disk. 

The  Thickness  of  the  Shallows  is  visible. 

Jan.  6,  1801.  There  is  a  large  opening  much  advanced  be- 
yond the  centre,  with  a  shallow  round  it.  On  the  preceding 
side  of  the  shallow,  its  descent  down  towards  the  opening  is 
visible;  but,  on  the  following  side,  I  see  abruptly  into  the 
opening. 

•  See  Plate  XIX.  Fig.  12. 
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Sometimes  there  are  Shallows  without  Openings  in  them. 

Feb.  7,  1801.  There  is  a  pretty  large  shallow  inclosed  by  the 
ridges  which  follow  some  preceding  openings. 

Feb.  12,  1800.  A  place  where  yesterday  I  saw  five  or  more 
nodules,  at  present  contains  low  ridges  inclosing  some  shallows. 

Incipient  Shallows  come  from  the  Openings,  or  branch  out  from 
Shallows  already  formed,  and  go  forwards. 

Jan.  18,  1801.  In  a  cluster  of  openings,  there  is  an  incipient 
shallow,  coming  from  one  of  them. 

Jan.  19,  1801.  The  incipient  shallow  is  increased,  and  has 
now  spread  all  round  the  opening. 

Jan.  24, 1801.  A  large  opening  sends  from  its  shallow  already 
formed,  a  narrow  projection,  towards  the  end  of  a  neighbouring 
shallow  belonging  to  a  smaller  opening,  as  if  they  were  going  to 
meet. 

Probable  Cause  of  Shallows. 

Jan.  25, 1801,  9h  20'.  Two  branches  A  B,*  of  a  shallow 
coming  from  an  opening  C,  are  going  towards  the  south.  It 
seems  as  if  they  were  destined  to  meet  the  incipient  shallow  of 
a  south-following  opening  D. 

9h  50'.  The  shallow  B  is  now  very  nearly  united  to  the  narrow 
part  of  the  shallow  surrounding  the  opening  D.  The  shallow 
A  seems  to  advance,  in  a  direction  towards  the  farthest  south- 
following  opening  E. 

ioh  20'.  The  shallow  B  is  now  completely  run  into  the  shal- 
low about  D;*f-  and  the  shallow  A  is  grown  broader  towards  F. 

1  ih  30'.  The  shallow  B  is  so  completely  joined  to  the  shallow 

•  See  Plate  XIX.  Fig.  13.  f  Fig.  14. 

MDCCCI.  O  O 


Digitized  by  Google 


282         Dr.  Herschei/s  Observations  to  investigate 

about  D,  that  it  appears  as  if  it  had  not  come  from  the  opening 
C.  The  shallow  A  now  ends  in  a  sharp  point.* 

iah  50'.  The  sjiape  of  the  shallow  A  is  again  much  changed ; 
it  is  no  longer  pointed,  but  very  broad  at  the  end;-f  and  there 
is  a  new  branch  breaking  out  at  G.  These  changes  seem  all  to 
denote,  that  the  shallows  are  occasioned  by  something  coming 
out  of  the  openings,  which,  by  its  propelling  motion,  drives 
away  the  luminous  clouds  from  the  place  where  it  meets  with 
the  least  resistance ;  or  which,  by  its  nature,  dissolves  them  as 
it  comes  up  to  them.  If  it  be  an  elastic  gas,  its  levity  must  be 
such  as  to  make  it  ascend  through  the  inferior  region  of  the 
solar  clouds,  and  diffuse  itself  among  the  superior  luminous 
matter. 

ih  10'.  The  new  branch  G  increases;  and  the  openings  C,  D,E, 
are  enlarged.  A  new  branch  is  also  breaking  out  from  the  shal- 
low about  E.  It  is  marked  H  in  Fig.  14,  and  denoted  with  points. 
These  changes  seem  to  prove,  that  the  same  gas  which  diffuses 
itself  over  the  shallows  has  forced  open  the  passages  at  first, 
and  is  now  widening  them.  Hence,  the  increase  of  the  open- 
ings is  an  additional  circumstance  which  points  out  the  cause  of 
the  shallows. 

ih  20'.  From  the  shallow  of  a  very  large  preceding  opening, 
which  is  in  an  increasing  state,  are  lately  projected  three  small 
branches  a,  b,  c.  J 

2h  30'.  The  vacancies  between  the  three  small  projecting 
shallows  are  now  filled  up  by  the  same  cause  that  occasioned 
them,  so  as  to  have  given  them  the  shape  of  an  uniform  but 
broader  shallow,  on  the  side  where  the  branches  come  out,  as 
denoted  by  points. 

•  Sec  Plate  XIX.  Fig.  15.  f  Fig.  16.  %  Fig.  17. 
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■  * 

Shallows  have  no  Corrugations,  but  are  tufted. 

Feb.  4, 1801.  The  great  shallow  about  a  large  opening  has 
no  corrugations. 

Feb.  18,  1801.  The  lower  clouds  of  the  shallow  of  a  large 
opening,  though;  not  corrugated,  are  not  smooth,  but  tufted. 
They  are  so  closely  connected  in  their  tufts,  that  it  makes  them 
appear  as  if,  in  every  vacancy,  there  were  clouds  under  clouds, 
that  prevent  our  looking  far  into  them. 

r 

Decay  of  Shallows. 

Jan.  30,  1801.  The  borders  of  the  shallow  belonging  to  the 
large  opening  observed  Jan.  29,  seem  to  be  remarkably  high ; 
so  that,  if  the  opening  were  near  the  limb,  they  would  probably 
appear  like  ridges.  The  shallow  has  again  a  lip,  nearly  in  the 
place  where  there  was  one  yesterday.  But  it  seems  as  if  the  lip, 
which  is  visible  now,  had  a  cause  contrary  to  what  produced 
it  yesterday.  For  the  luminous  clouds  all  round  the  shallow 
seem  no  longer  to  be  kept  off  by  an  issuing  elastic  fluid,  but  are 
probably  now  breaking  in  upon  the  shallow,  except  in  the  place 
of  the  lip,  where  some  energy,  like  that  exerted  yesterday,  may 
still  remain  in  action ;  in  that  case,  the  shallow,  as  well  as  the 
opening,  is  past  its  maximum. 

1 

OF  RIDGES. 

Ridges  are  Elevations  above  the  general  Surface  of  the  luminous 

Clouds  of  the  Sun. 

■ 

Dec.  27,  1799.  On  the  south-following  side  of  the  sun's  disk, 
close  to  the  margin,  are  some  bright  ridges.  They  are  all  in  a 
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direction  parallel,  or  nearly  parallel,  to  the  margin;  and  have 
the  appearance  of  elevations. 

Jan.  29,  1801.  Two  sets  of  openings,  near  the  north-follow- 
ing limb,  have  wide-spreading  ridges  about  them :  four  other 
sets,  being  farther  advanced  into  the  disk,  do  not  shew  any.  This 
denotes  them  to  be  thin  elevations,  which  can  only  be  seen  near 
the  circumference,  by  a  side  view. 

Feb.  8,  1801.  Many  ridges  and  nodules  are  now  to  be  seen 
about  the  large  opening,  which  yesterday  had  none.  I  suppose 
they  are  become  visible  by  its  advancement  towards  the  margin, 
to  which  it  draws  near. 

Length  of  a  Ridge. 

Dec.  27,  1799.  I  measured  one  of  the  longest  ridges  in  view. 
It  extended  over  an  angular  space  of  2',  45",9,  which  is  nearly 
75000  miles. 

♦ 

Ridges  generally  accompany  Openings. 
Feb.  5,  1801.  Three  sets  of  openings  near  the  preceding 
limb,  and  two  near  the  following  one,  are  surrounded  by  lumi- 
nous ridges. 

Ridges  are  also  often  in  Places  where  there  are  no  Openings. 

Dec.  22,  1799.  On  the  following  side  of  the  sun  are  luminous 
ridges ;  but  not  within  50  or  60  degrees  of  an  opening. 

Jan.  4,  1801.  Towards  the  north,  near  the  limb,  is  a  collection 
of  ridges  without  openings. 

Feb.  5.  Two  of  the  sets  of  openings  of  yesterday  are  gone ; 
but  have  left  extensive  ridges  behind. 
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Ridges  disperse  very  soon. 

Dec.  a8,  1799.  The  appearance  of  the  ridges  I  saw  yester- 
day is  much  changed :  they  are  less  luminous  and  extensive  than 
they  were.  The  range  is  much  broken ;  and  they  appear  more 
in  detached  irregular  elevations. 

Dec.  29,  1 799.  The  ridges  are  so  much  reduced  to  the  resem- 
blance of  the  rest  of  the  sun,  that  had  I  not  known  where  to  look 
for  them,  I  should  hardly  have  been  able  to  trace  any  vestige 
of  them. 

Feb.  9,  1800.  The  ridges  which  followed  some  openings 
Feb.  7,  exist  no  longer. 

* 

Different  Causes  of  Ridges  hinted  at. 

Jan.  4,  1801.  A  crowd  of  ridges  and  nodules  surround,  and 
are  interspersed  among,  a  cluster  of  openings.  A  ridge  which 
crosses  one  of  the  openings  like  a  bar  or  bridge,  is  sharp  on  the 
following  side,  but  shews  thickness  on  the  preceding.  It  seems 
probable,  that  the  openings  permit  a  transparent  elastic  fluid  to 
come  out,  which  disturbs  the  luminous  matter  on  the  top,  so  as 
to  occasion  ridges  and  nodules.  There  are  not  less  than  17 
openings  in  the  cluster. 

Jan.  6,  1801.  Following  a  set  of  openings  lately  come  into 
the  disk,  are  many  luminous  and  broad,  that  is  to  say,  high 
ridges,  without  any  openings  among  them ;  so  that  the  cause 
which  produces  them  acts  probably  below  the  shining  matter. 
Their  own  levity  also  may  occasion  them  to  go  into  the  higher 
regions. 

Jan.  30,  1801.  Near  the  following  margin  is  an  extended 
plane,  full  of  bright  ridges  and  nodules,  with  a  great  number  of 


Digitized  by  Google 


2%6        Dr.  Herschel's  Observations  to  investigate 

openings  lately  broken  out,  and  still  breaking  out  among  them. 
This  leads  us  to  suppose  that  some  elastic  gas,  acting  below  the 
luminous  clouds,  lifts  them  up,  or  increases  them ;  and  at  last 
forces  itself  a  passage  through  them,  by  throwing  them  aside. 

- 

OF  NODULES. 

Nodules  are  small,  but  highly  elevated,  luminous  Places. 

Jan.  34,  1800.  On  the  south,  near  the  limb  of  the  sun,  is  a 
nodule;  and  on  the  south-following  side  is  another,  with  two 
smaller  ones  near  it.  They  are  round,  or  roundish,  bright  eleva- 
tions, of  the  same  nature  as  the  ridges. 

Feb.  19,  1800.  There  are  two  small  bright  nodules,  on  the 
preceding  limb  of  the  sun.  Why  they  should  only  be  seen  near 
the  sun's  margin,  can  only  be  explained  by  admitting  their 
elevation. 

Nodules  may  be  Ridges  foreshortened. 

Dec.  27, 1799.  Mixed  with  many  ridges,  nearly  parallel  to  the 
margin  of  the  sun,  are  here  and  there  small  thicknesses  or 
knotty  places.  I  take  them  to  be  ridges  in  a  more  central 
direction,  which  gives  them  the  shape  of  nodules. 

The  most  north  of  three  nodules,  in  one  of  the  ridges,  seems 
to  be  highest  in  elevation.  If  it  should  last  till  to-morrow,  it  will 
then  appear  whether  that  nodule  is  really  more  elevated  than 
the  rest,  or  whether  it  is  the  foreshortening  of  a  ridge  extended 
in  the  direction  of  a  radius. 
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* 

* 

OF  CORRUGATIONS. 

Corrugations  consist  of  Elevations  and  Depressions. 

Dec.  23,  1799.  The  corrugations  have  a  mottled  appearance. 
I  see  the  figure  of  the  dark  and  bright  places.  Many  of  the 
dark  places  are  not  round,  but  a  little  extended  in  different 
directions,  and  appear  to  be  lower  than  the  bright  places.  This, 
if  admitted,  will  explain  why  the  corrugations  towards  the 
margin  of  the  sun,  cannot  so  readily  be  seen  as  about  the  middle 
of  the  disk. 

Jan.  4,  1800.  The  day  being  very  favourable,  I  saw  the  sun 
uncommonly  well.  The  corrugated  surface  presented  its  eleva- 
tions and  depressions,  with  as  much  distinctness  as  the  rough 
surface  of  the  moon. 

Corrugations  extend  all  over  the  Surface  of  the  Sun. 

Dec.  23,  1 799.  The  corrugations  extend  all  over  the  sun. 
They  are  less  distinct  all  around  towards  the  limb,  than  at 
the  centre. 

Jan.  22, 1800.  I  followed  the  corrugations  from  the  centre 
to  the  circumference;  and  could  trace  them  every  where  to 
within,  I  suppose,  two  minutes  of  the  margin. 

Jan.  24,  1800.  The  corrugations  are  equally  spread  over  the 
whole  surface  of  the  sun.  I  viewed  them  distinctly  in  every 
part  of  it;  and  traced  them  with  much  attention  to  within,  I 
suppose,  half  a  minute  of  the  margin. 

Jan.  4,  1801.  The  corrugations  are  extended  all  over  the 
disk  of  the  sun,  and  go  to  the  polar  regions,  as  well  as  to  the 
equatorial  parts. 
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Dispersed  Ridges  or  Nodules  make  Corrugations. 

Nov.  17,  1800.  The  surface  of  the  sun  appears  richly  filled 
with  very  small  broken  or  dispersed  ridges,  which  produce  the 
corrugated  appearance. 

Feb.  18,  1801.  The  high  parts  of  the  corrugations  contain 
numberless  separations,  like  small  nodules,  which  leave  room 
for  the  indentations  to  be  seen  between  them. 

Corrugations  change  their  Shape  and  Situation ;  they  increase, 
diminish,  divide,  and  vanish  quickly. 

Dec.  37, 1800.  ih  o'.  There  is  a  pretty  large  corrugation 
near  a  small  opening,  which  serves  me  as  a  direction  to  find  the 
place.  Its  indentation  is  about  four  diameters  of  the  opening 
from  it;  and  10  or  16  degrees  north-preceding. 

ih  5'.  I  have  seen  the  corrugation  again ;  and  find  its  inden- 
tation larger  than  it  was,  and  farther  from  the  opening. 

ih  10'.  It  is  vanished  ;  and  several  other  such  very  minute 
changes  have  taken  place. 

ih  is'.  Within  a  diameter  of  the  opening,  and  a  little  north- 
following  it,  is  an  oval  indentation,  nearly  as  large  as  the 
small  opening. 

ih  15'.  Its  shape  is  altered;  and  it  is  divided  into  a  corru- 
gation, with  two  indentations. 
ih  35'.  Both  are  entirely  gone. 

Jan.  18,  1801.  Between  two  clusters  of  openings,  that  are 
near  each  other,  there  are  some  incipient  openings,  which 
resemble  coarse  corrugations,  and  establish  a  step  between 
small  openings  and  pores  of  indentations.  I  shewed  them  to 
my  friend  Dr.  Wilson,  who  happened  to  be  upon  a  visit  to  me, 
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at  Slough.  He  saw  the  same  phenomena  ;  and  judged  of  their 
being  a  link  in  the  chain  of  appearances,  as  I  did. 

We  drew  a  small  sketch  of  the  place  of  the  phenomena, 
merely  to  serve  us  to  communicate  our  observations  to  each 
other.* 

ih  19'.  A,  is  a  small  opening,  without  a  shallow,  which  we 
had  fixed  upon,  by  way  of  enabling  us  to  find  again  the  mJnute 
objects  which  were  to  be  examined.  B,  is  the  indentation,  or 
dark  place,  of  a  corrugation  I  pointed  out  to  Dr.  Wilson.  C,  is 
a  dark  place  of  a  corrugation  he  pointed  out  to  me. 

i"  24'.  We  both  found  the  dark  part  of  the  corrugation 
B  gone  ;  and  C  had  either  changed  its  place  or  was  vanished. 

ih34/.    C,  was  certainly  gone. 

Dr.  Wilson  pointed  out  another  round  pore,  which  we  had 
not  perceived  before,  at  some  distance;  also  a  largish  indenta- 
tion near  the  opening,  which  guided  our  research.  Shortly  after, 
we  found  the  indentation  gone ;  and  the  pore  was  further 
removed  from  the  opening. 


l  OF  INDENTATIONS. 


The  chirk  Places  of  Corrugations  are  Indentations. 

Dec.  27,  1 799.  That  the  low  places  of  the  corrugations  are 
not  much  depressed,  is  evident  from  their  visibility  pretty  near 
the  margin  of  the  sun. 

Jan.  27,  1800.  The  corrugations  in  many  places  are  so 
coarse,  that  their  indentations  resemble  small  shallows.  The 

•Sec  Plate  XIX.  Fig.  1 3. 
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indentations  go  down  at  the  sides,  like  circular  arches,  present- 
ing their  concavities  to  us ;  but  the  bottom  of  them  is  nearly 
flat*  1  "V 

Indentations  are  without  Openings. 
Jan.  15,  1801.  The  low  places  of  corrugations  do  not  contain 
punctures ;  but  seem  to  be  irregularly  shaped  places,  of  less 
luminous  matter  than  the  borders  which  inclose  them. 

In  some  Places  the  Indentations  contain  small  Openings. 
Dec.  27,  1799.  On  examining  some  of  the  largest  corruga- 
tions with  a  high  magnifying  power,  I  see  plainly,  that  the  less 
bright  parts,  or  indentations,  are  small  openings  ;  and  that  those 
dark  places,  which  were  the  coarsest,  shew  the  opaque  surface 
of  the  sun  best :  some  of  them  are  as  black  as  the  large 
openings. 

The  Elevations  and  Indentations  of  Corrugations  are  of  different 

Figures. 

Feb.  18,  1800.  Among  all  the  corrugations,  I  could  hardly 
perceive  any  that  were  round  :  they  were  of  all  shapes ;  chiefly 
lengthened. 

Indentations  change  to  Openings. 
Feb.  10,  1800.    Three  corrugations,  observed  an  hour  ago, 
are  now  so  enlarged,  that  their  indentations  are  passed  over 
from  their  former  state,  to  small  openings. 

■ 

•See  Plate  XIX.  Fig.  19- 
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Indentations  are  of  the  same  Nature  as  Shallows. 

Jan.  30,  1801.  The  depressed  parts,  or  indentations,  of 
corrugations,  are  of  the  colour  of  shallows ;  and  are  probably 
of  the  same  depth  below  their  elevations,  as  shallows  are  below 
the  general  surface  of  the  sun. 

Indentations  are  loxv  Places,  which  often  contain  very  small 

Openings. 

Jan.  2.  1801.  That  indentations  are  small  hollow  places, 
and  that  the  pores  in  them  are  little  openings,  may  be  concluded 
from  a  ,  set  of  real  openings  of  different  sizes,  of  which  I  see  no 
less  than  13.  Four  of  them  are  visible  openings ;  five  of  them 
are  less  than  the  smallest  openings,  and  larger  than  the  in- 
dentations of  corrugations ;  the  remaining  four  may  already  be 
called  large  pores.  We  cannot  expect  to  see  into  these  pores, 
as  we  do  into  holes,  their  diameter  being  too  small. 

Indentations  are  of  different  Sizes, 

Jan.  31,  1800.  The  indentations  are  very  uniform,  but  not  . 
round.  It  seems  they  admit  of  every  possible  shape. 

- 

Indentations  are  extended  all  over  the  Sun. 

Dec.  so,  1794.  I  can  follow  the  indentations,  from  the  centre 
up  to  the  margin  of  the  sun ;  but  it  requires  great  attention,  as, 
on  account  of  the  sphericity  of  the  disk,  they  become  gradually 
less  conspicuous,  the  nearer  we  go  to  the  circumference.  I  saw 
them  equally  well  at  the  north  pole  of  the  sun. 

Dec.  22,  1 799.  The  whole  disk  of  the  sun  is  strongly  in- 
dented. 

P  p  2 
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With  low  magnifying  Powers,  Indentations  zvill  appear  like 

Points. 

Feb.  4,  1800.  I  tried  a  magnifying  power  of  only  45  times, 
and  the  sun  then  appeared  punctulated.  instead  of  indented. 
The  points,  or  rather  darker  coloured  places  in  the  punctula- 
tions,  were  of  different  figures;  few  of  them  being  round. 

OF  PORF.S. 

The  low  Places  of  Indentations  are  Pores, 

Dec.  20,  1794.  The  lowest  parts  of  the  indented  appearances, 
are  almost  dark  and  depressed  enough  to  be  called  very  minute 
openings. 

Pores  increase  sometimes,  and  become  Openings. 

Feb.  10,  1800.  Two  indentations,  observed  an  hour  ago,  are 
increased,  and  contain  large  pores,  as  if  they  were  going  to  be 
converted  into  visible  openings,  like  the  indentations  of  three 
neighbouring  corrugations  mentioned  under  a  former  article. 

Jan.  22,  1800.  Between  some  large  and  small  openings  were 
two  pores,  that  grew  darker  while  I  looked  at  them,  and  may 
now  be  taken  for  very  small  openings.  This  seems  to  trace  the 
openings  to  their  origin,  and  perfectly  connects  the  pores  with 
them. 

Pores  vanish  quickly. 

Dec.  27,  1800.  A  small  pore,  that  was  north-following  a 
very  small  opening,  which  served  me  as  a  direction  for  finding 
it  again,  ih  30'  ago,  is  no  longer  to  be  seen. 
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i2h  30'.  There  were  two  pores  north-preceding  the  same 
opening.  When  I  returned  to  the  telescope,  in  order  to  describe 
their  situation  exactly,  they  were  vanished. 

OF  THE  REGIONS  OF  SOLAR  CLOUDS. 

It  must  be  sufficiently  evident,  from  what  we  have  shewn  of 
the  nature  of  openings,  shallows,  ridges,  nodules,  corrugations, 
indentations,  and  pores,  that  these  phenomena  could  not  appear, 
if  the  shining  matter  of  the  sun  were  a  liquid ;  since,  by  the  laws 
of  hydrostatics,  the  openings,  shallows,  indentations,  and  pores, 
would  instantly  be  filled  up ;  nor  could  ridges  andnodules  preserve 
their  elevation  for  a  single  moment.  Whereas,  many  openings 
have  been  known  to  last  for  a  whole  revolution  of  the  sun  ;  and 
extensive  elevations  have  remained  supported  for  several  days. 
Much  less  can  it  be  an  elastic  fluid  of  an  atmospheric  nature  : 
this  would  be  still  more  ready  to  fill  up  the  low  places,  and  to 
expand  itself  to  a  level  at  the  top.  It  remains,  therefore,  only 
for  us  to  admit  this  shining  matter  to  exist  in  the  manner  of 
empyreal,  luminous,  or  phosphoric  clouds,  residing  in  the  higher 
regions  of  the  solar  atmosphere.  The  following  observations, 
will  explain  and  support  this  idea  more  at  large. 

Changes  in  the  Solar  Clouds  happen  continually. 

Feb.  19,  1800.  In  order  to  find  whether  the  solar  clouds 
were  subject  to  very  quick  changes,  I  fixed  my  attention  on 
several  places ;  but,  on  looking  off,  even  for  a  moment,  the  spots 
I  had  marked  for  the  purpose  could  not  be  found  again.* 

*  See  what  has  been  said  of  the  quick  changes  among  the  corrugations  and  inden- 
tations, under  the  former  articles. 
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There  are  two  different  Regions  of  Solar  Clouds, . 

Feb.  j  9, 1800.  It  is  not  possible  to  see  the  sun  more  distinctly 
than  I  do  at  present.  The  corrugations  are  evidently  caused  by 
a  double  stratum  of  clouds ;  the  lower  whereof,  or  that  which 
is  next  to  the  sun,  consists  of  clouds  less  bright  than  those 
which  compose  the  upper  stratum.  The  lower  clouds  are  also 
more  closely  connected ;  while  the  upper  ones  are  chiefly  de- 
tached from  each  other,  and  permit  us  to  see  every  where 
through  them. 

Feb.  5,  1801.  An  opening  near  the  preceding  limb  has  no 
shallow  about  it.  I  can  see  the  thickness  of  the  preceding  par- 
tition, from  the  top  of  the  luminous  clouds  down  to  the  vacancy; 
and  perceive  that  the  lower  part  of  the  descent  is  of  a  less  bright 
nature  than  the  upper  one  :  it  is  of  the  colour  of  an  incipient 
shallow. 

» 

The  inferior  Clouds  are  opaque,  and  probably  not  unlike  those  of 

our  Planet. 

Feb.  5, 1 80 1.  The  shallows  about  three  considerable  openings, 
on  the  following  side  of  the  sun,  are  of  the  same  colour  with 
that  of  a  large  opening  on  the  preceding  side. 

Feb.  18,  1801.  The  tufts  of  the  shallows,  or  lower  clouds, 
are  all  of  the  same  colour. 

The  shallows  about  the  three  largest  openings  are  all  of 
the  same  colour,  which  is  that  of  all  the  shallows  I  have  ever 
seen. 

Feb.  4,  1801.  The  colour  of  a  very  small  shallow  about  a 
little  opening,  is  as  faint  as  that  of  a  large  shallow  of  a  very 
large  opening  now  in  view;  and,  a.s  far  as  I  can  remember,  all 
the  shallows  I  have  seen  have  been  nearly  of  the  same  colour. 
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Hence  we  have  reason  to  conclude,  that  there  are  two  different 

regions  of  clouds,  the  lowest  whereof  is  never  affected  in  colour 
by  the  cause  which  acts  upon  the  upper  one,  when  shallows  are 
generated.  If  so,  these  clouds  are  probably  of  a  very  different 
nature ;  for,  were  they  not  different,  they  would  not  be  dif- 
ferently affected  by  the  same  cause.  Perhaps  this  lower  region 
is  a  set  of  dense  opaque  planetary  clouds,  like  those  upon  our 
globe.  In  that  case,  their  light  is  only  the  uniform  reflection  of 
the  surrounding  superior  self-luminous  region.  If  this  be 
admitted,  it  will  at  once  account  for  the  sameness  of  the  colour 
of  the  shallows,  and  of  their  tufts ;  and  for  many  other  phe- 
nomena. 

Quantity  of  Light  reflected  from  the  inferior  Planetary  Clouds. 

Feb.  7,  1801.  I  made  an  artificial  contrivance,  for  the  use  of 
my  photometer,  to  represent  a  portion  of  the  bright  surface  of 
the  sun,  and  of  an  opening  w  ith  a  shallow  surrounding  it.  The 
opening  was  represented  by  a  small  patch  of  black  velvet,  re- 
sembling nearly,  in  shape,  the  large  opening  in  the  sun  which 
is  now  visible.  This  was  fastened  on  the  farthest  vane  of  my 
photometer,  covered  with  white  paper,  and  arranged  so  as  to 
be  in  the  line  of  the  centre.  In  the  nearest  vane,  covered  with 
the  same  paper,  and  equally  prepared  so  as  to  move  in  the 
centre  of  the  photometer,  I  cut  a  hole  large  enough  to  shew 
the  black  velvet  on  the  farthest  vane,  with  a  small  margin  of 
its  paper  about  it,  which  was  intended  to  represent  the  shallow 
about  the  opening.  The  illumination  of  the  nearest  vane  was 
to  represent  the  brightness  of  the  sun.  The  two  vanes  were 
arranged  so  as  to  be  one  behind  the  other,  in  a  straight  line ; 
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and  a  single  hole  was  made  in  the  middle  of  the  moveable 
piece  No.  4,  of  the  photometer  described  in  my  last  paper..* 

I  now  viewed  the  opening  and  shallow  in  the  sun,  and  im- 
mediately after  went  to  the  photometer,  to  examine  the  artificial 
phenomenon.  By  withdrawing  the  farthest  vane,  I  diminished 
its  illumination,  till  I  found  the  small  visible  rim  about  the  velvet 
less  luminous  than  the  paper  of  the  first  vane,  in  the  same 
proportion  as  I  judged  the  shallow  to  be  less  bright  than 
the  rest  of  the  sun.  Then,  going  alternately  many  times  to  the 
telescope  and  to  the  photometer,  and  making  such  little  altera- 
tions in  the  apparatus  as  I  thought  necessary,  I  obtained  at 
last  a  result,  which  shewed  that  the  rim  of  paper  representing 
the  shallow  reflected  46*0  parts  of  the  incident  light. 

Hence,  if  the  superior  self-luminous  clouds  of  the  sun  throw 
the  same  quantity  of  light  on  the  inferior  region  of  opaque 
solar  clouds  as  they  send  to  us,  it  follows,  that  those  inferior 
clouds  of  which  the  shallows  are  composed,  reflect  about  469 
rays  out  of  every  thousand  they  receive. 

With  regard  to  the  solar  surface  which  we  see  in  the  openings, 
I  also  found  that  black  worsted,  which,  by  my  lately  published 
tables,  reflects  16  rays  out  of  a  thousand,  was  not  dark  enough, 
compared  to  the  blackness  of  the  opening,  but  that  black 
velvet  seemed  to  be  nearly  of  the  same  intensity ;  so  that,  pro- 
bably, when  the  luminous  surface  of  the  sun  sends  us  1000, 
and  the  flats  469  rays,  the  solid  % surface  seen  in  the  openings 
reflects  no  more  than  about  seven. 

•  Jke  Phil.  Trans,  for  1800.  p.  5»JB. 
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Indentations  are  planetary  Clouds,  reflecting  Light  through  the 

open  Parts  of  the  Corrugations. 

Jan.  15,  1801.  The  corrugations  do  not  contain  pores,  but 
irregularly  shaped  depressed  places,  of  a  darker  or  rather  less 
luminous  matter  than  the  borders  of  the  corrugations;  probably 
owing  to  the  same  cause  that  makes  the  shallows  appear  less 
bright  than  the  general  surface. 

Feb.  7,  1801.  The  corrugations  go  up  to  the  borders  of  the 
shallow  of  an  opening  observed  since  Feb.  4.  Indeed  the  high 
parts  of  the  corrugations  themselves  consist  of  the  upper  self- 
luminous  clouds ;  while  their  indentations  are  the  reflection  of 
light  from  the  lower  regions  of  .the  opaque  ones. 

The  opaque  inferior  Clouds  probably  suffer  but  little  of  the  Light 
oj  the  self-luminous  superior  Clouds  to  come  to  the  Body  of  the 
Sun. 

Feb.  5,  1 801 .  The  shallow  of  a  large  opening,  though  already 
contracted,  is  still  sufficiently  broad  not  to  permit  a  single  direct 
ray  of  the  superior  self-luminous  clouds  to  enter  this  opening  ; 
and  the  blackness  of  the  opening  shews,  that  but  little  light  can 
penetrate  through  the  inferior  region  of  planetary  clouds  of 
which  the  shallow  consists. 

Motion  of  the  inferior  Clouds. 

Feb.  6, 1801.  The  great  opening  of  Feb.  4,  is  much  dimi- 
nished :  it  is  now  divided  by  a  branch  of  the  inferior  clouds  of 
the  shallow,  with  a  few  superior  ones  upon  the  following  half 
of  the  division  or  bridge.  The  shallow  on  the  other  side  of  the 
bridge  is  plainly  still  free  from  self-luminous  clouds. 

mdccci.  Qq 
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n h  53'.  On  the  preceding  side,  more  of  the  planetary  clouds 
are  advancing  to  draw  themselves  over  the  opening ;  they  are 
very  faint. 

Feb.  7,  1801.  Another  passage  is  now  thrown  over  the  great 
opening,  consisting  evidently  of  the  lower  clouds.  Perhaps  a  few 
clouds  of  the  upper  regions  may  be  drawn  upon  it ;  but,  at  both 
sides,  the  shallow  continues  to  be  visible  from  the  bridge  to  its 
margin,  or  confinement  by  the  surrounding  self-luminous 
clouds. 

ioh  40'.  A  third  passage  is  beginning  to  come  on  from  the 
following  side,  also  consisting  of  lower  clouds.  It  seems  that 
the  curtain  will  be  closely  drawn  over  the  opening,  before  many 
of  the  self-luminous  clouds  can  .advance. 

Motion  of  the  superior  Clouds. 

Feb.  5, 1801.  The  large  opening  of  Feb.  4,  is  in  a  diminishing 
state.  Its  shallow  is  contracted  ;  and,  though  it  has  no  corru- 
gations, it  seems  as  if  a  few  self-luminous  clouds  of  the  upper 
regions  were  here  and  there  scattered  over  it.  I  see  their  superior 
brightness,  and  their  elevation  above  the  shallow  in  the  places 
where  they  are. 

ih  42'.  More  of  the  clouds  of  the  upper  regions  have  scattered 
themselves  over  the  shallow ;  and  one  of  them  faintly  passes 
over  part  of  the  opening,  almost  across  it.  This  will  probably 
form  a  division. 

ih5o'.  There  is  an  opposite  cloud  advancing  to  meet  the 
former  one;  probably  that  part  of  the  opening  where  they  are, 
opposes  less  resistance  than  the  rest. 

ih53'.  The  shallow  contracts  very  fast;  the  sides  of  the 
upper  regions  of  clouds  press  on  ;  the  borders  become  irregular, 
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and  jagged,  according  to  the  advancement  of  the  clouds; 
but  a  coarsely  circular  form  of  the  shallow  in  general  is  still 
preserved. 

Eminent  Use  of  the  planetary  Clouds. 

It  has  been  shewn  that  the  openings,  compared  to  the  lumi- 
nous surface  of  the  sun,  reflect  less  than  16  rays  out  of  a  thou- 
sand, and  probably  not  more  than  seven.  To  account  for  this 
extraordinary  darkness,  it  must  be  remembered,  that  accord- 
ing to  the  observations  which  have  been  given,  hardly  any  but 
transmitted  rays  can  ever  come  to  the  body  of  the  sun.  The 
shallows  about  large  openings  are  generally  of  such  a  size,  as 
hardly  to  permit  any  direct  illumination  from  the  superior  clouds 
to  pass  over  them  into  the  openings ;  and  the  great  height  and 
closeness  of  the  sides  of  small  ones,  though  not  often  guarded 
by  shallows,  must  also  have  nearly  the  same  effect.  By  this  it 
appears,  that  the  planetary  clouds  are  indeed  a  most  effectual 
curtain,  to  keep  the  brightness  of  the  superior  regions  from  the 
body  of  the  sun. 

Another  advantage  arising  from  the  planetary  clouds  of  the 
sun,  is  of  no  less  importance  to  the  whole  solar  system.  We 
have  shewn  that  corrugations  are  every  where  dispersed  over  the 
sun ;  and  that  their  indentations  may  be  called  shallows  in  mini- 
ature. From  this  we  may  conclude,  that  the  immense  curtain 
of  the  planetary  solar  clouds  is  every  where  closely  drawn ;  and, 
as  our  photometrical  experiments  have  proved  that  these  clouds 
reflect  no  less  than  4,69  rays  out  of  a  thousand,  it  is  evident  that 
they  must  add  a  most  capital  support  to  the  splendour  of  the 
sun,  by  throwing  back  so  great  a  share  of  the  brightness  coming 
to  them  from  the  illumination  of  the  whole  superior  regions. 

Qq 2 
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OF  THE  SOLAR  ATMOSPHERE. 

- 

The  Sun  has  a  planetary  Atmosphere. 

Our  observations  on  the  double  regions  of  clouds  in  the  sun, 
are  certainly  a  sufficient  proof  of  the  existence  of  a  solar  atmo- 
sphere. The  clouds  of  the  lower  regions  of  the  sun  bear  such 
a  resemblance  to  our  own,  that  they  can  only,  like  ours,  be 
upheld  by  a  thin  elastic  medium,  in  which,  like  ours  in  air, 
they  may  freely  move  about  in  all  directions. 

The  Sun's  planetary  Atmosphere  extends  to  a  great  Height. 

If  we  have  concluded,  from  the  appearance  of  the  clouds  of 
the  lower  regions,  that  they  were  supported  by  an  atmosphere, 
the  same  will  hold  good  with  regard  to  the  self-luminous  clouds 
of  the  upper  regions.  For,  though  probably  they  do  not  swim 
or  float  in  the  planetary  atmosphere  of  the  sun,  like  the  lower 
ones,  it  is  evident,  from  observation,  that  they  arrange  themselves 
regularly  at  certain  given  altitudes ;  which  can  only  be  ascribed 
to  the  specific  gravity  of  the  gases  to  which  they  owe  their  exist- 
ence. Besides,  as  the  solar  atmosphere  is  elastic,  it  can  be  no 
otherwise  confined  than  by  its  gravitation  to  the  sun,  in  the  same 
manner  as  the  air,  by  its  own  weight,  is  kept  down  to  the  earth ; 
and  the  solar  atmosphere  must  therefore  expand  itself  consider- 
ably above  the  highest  ridges  and  nodules. 

The  planetary  Atmosphere  of  the  Sun  is  of  a  great  Density. 

This  may  be  deduced  directly  from  the  known  quantity  of 
matter  in  the  sun.  Sir  Isaac  Newton  has  proved,  that  the  gra- 
vitation of  bodies  on  the  surface  of  the  sun,  is  27  times  stronger 
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than  it  is  with  us.  Hence,  the  compression  of  the  elastic  gases 
of  which  the  solar  atmosphere  consists,  if  similar  to  our  own, 
must  be  greater  than  that  of  ours,  in  proportion  to  the  superior 
force  by  which  they  are  compressed,  namely,  their  own  power- 
ful gravitation  towards  the  sun. 

The  Solar  Atmosphere,  like  ours,  is  subject  to  Agitations,  such  as 
with  us  are  occasioned  by  Winds. 

A  proof  of  this  may  be  drawn  from  the  observations  which 
have  been  given.  In  several  instances,  we  have  seen  the  plane- 
tary clouds  move  over  the  openings ;  which  could  not  have  hap- 
pened, unless  the  atmosphere  in  which  they  floated  had  been 
considerably  agitated.  In  many  other  instances,  we  have  shewn 
that  a  strong  bias  existed  in  the  direction  of  the  cause  which 
generates  the  shallows.  This  indeed  is  so  evident,  that  I  have 
hardly  ever  seen  a  single  shallow  which  had  not  some  excen- 
tricity  ;  the  smallest  segments  of  these  shallows  being  always 
turned  towards  what  I  have  called  the  quiescent  side  of  the 
openings.  To  this  may  be  added,  that  the  continual  luminous 
decompositions  in  the  superior  regions,  and  the  consequent 
necessary  regeneration  of  the  atmospheric  gases  that  serve  to 
carry  them  on,  and  which  probably  are  produced  below  the 
inferior  cloudy  regions,  near  the  surface  of  the  sun's  body,  must 
unavoidably  be  attended  with  great  agitations,  such  as  with  us 
might  even  be  called  hurricanes. 

There  is  some  clear  Atmospheric  Space,  between  the  solid  Body  of 
the  Sun  and  the  lowest  Region  of  the  Clouds. 

■ 

From  what  has  just  now  been  said  of  the  agitations  which 
appear  to  take  place  in  the  solar  atmosphere,  it  follows,  that 
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those  biases  which  have  been  shewn  to  affect  the  direction  of  a 
number  of  shallows  at  the  same  time,  must  have  arisen  from  a 
motion  of  the  atmospheric  gases  under  the  clouds ;  and,  that 
there  is  a  considerable  vacant  space  between  these  clouds  and 
the  solid  body  of  the  sun,  is  also  to  be  inferred,  from  the  free 
motion  of  clouds  considerably  lower  than  usual,  which  were 
seen  to  pass  over  an  opening,  and  which  cannot  be  supposed  to 
have  rolled  over  the  ground  in  contact  with  it.  Without,  how- 
ever, entering  into  any  particular  examination  of  the  amount  of 
the  distance  from  the  sun  to  the  first  cloudy  regions,  which,  were 
I  to  guess  by  some  pretty  obvious  circumstances,  would  not  be 
less  than  some  hundreds  of  miles,  we  may  take  it  for  granted, 
that  the  altitude  of  the  clouds  will  every  where  be  determined 
by  their  own  density,  and  by  that  of  the  atmosphere  in  which 
they  are  suspended. 

■  n 

The  Sun's  planetary  Atmosphere  is  transparent. 

It  will  be  easily  shewn,  that  the  gases  of  the  solar  atmosphere 
are  transparent ;  for  we  have  already  given  observations  that 
prove  our  being  able  to  see  the  reflected  light  of  the  corru- 
gations from  their  indentations ;  and  of  the  self-luminous  regions 
in  general,  from  the  shallows  which  they  surround  and  illumi- 
nate. To  this  may  be  added,  that  we  also  see  clearly  down 
through  the  space  which  leads  through  the  openings,  as  fully 
appears  from  our  being  able  to  see  the  thicknesses  of  the  bor- 
ders which  inclose  them.  We  have  likewise  given  an  instance 
of  seeing  the  limb  of  the  sun  broken  by  a  vacancy  proceeding 
from  a  large  shallow ;  though  undoubtedly  that  shallow  must 
have  been  covered  with  the  solar  atmospheric  gases. 
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THEORETICAL  EXPLANATION  OF  THE  SOLAR  PHENOMENA. 

We  have  admitted,  in  order  to  explain  the  generation  of  shal- 
lows, that  a  transparent  elastic  gas  comes  up  through  the  open- 
ings, by  forcing  itself  a  passage  through  the  planetary  clouds. 
Our  observations  seemed  naturally  to  lead  to  this  supposition,  or 
rather  to  prove  it ;  for,  in  tracing  the  shallows  to  their  origin, 
it  has  been  shewn,  that  they  always  begin  from  the  open- 
ings, and  go  forwards.  We  have  also  seen,  that  in  one  case,  a 
particular  bias  given  to  incipient  shallows,  lengthened  a  number 
of  them  out  in  one  certain  direction,  which  evidently  denoted  a 
propelling  force  acting  the  same  way  in  them  all.  I  am,  how- 
ever, well  prepared  to  distinguish  between  facts  observed,  and 
the  consequences  that  in  reasoning  upon  them  we  may  draw 
from  them ;  and  it  will  be  easy  to  separate  them,  if  that  should 
hereafter  be  required. 

If  however,  it  be  now  allowed,  that  the  cause  we  have  assigned 
may  be  the  true  one,  it  will  then  appear,  that  the  operations 
which  are  carried  on  in  the  atmosphere  of  the  sun  are  very 
simple  and  uniform. 

■ 

Generation  of  Pores. 

By  the  nature  and  construction  of  the  sun,  an  elastic  gas, 
which  may  be  called  empyreal,  is  constantly  formed.  This 
ascends  every  where,  by  a  specific  gravity  less  than  that  of  the 
general  solar  atmospheric  gas  contained  in  the  lower  regions. 
When  it  goes  up  in  moderate  quantities,  it  makes  itself  small 
passages  among  the  lower  regions  of  clouds :  these  we  have 
frequently  observed,  and  have  called  them  pores.  We  have 
shewn  that  they  are  liable  to  continual  and  quick  changes,  which 
must  be  a  natural  consequence  of  their  fleeting  generation. 
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Formation  of  Corrugations. 

When  this  empyreal  gas  has  reached  the  higher  regions  of 
the  sun's  atmosphere,  it  mixes  with  other  gases,  which,  from 
their  specific  gravity,  have  their  residence  there,  and  occasions 
decompositions  which  produce  the  appearance  of  corrugations. 
It  has  been  shewn,  that  the  elevated  parts  of  the  corrugations  are 
small  self-luminous  nodules,  or  broken  ridges ;  and  I  have  used 
the  name  of  self-luminous  clouds,  as  a  general  expression  for  all 
phenomena  of  the  sun,  in  what  shape  soever  they  may  appear, 
that  shine  by  their  own  light.  These  terms  do  not  exactly  con- 
vey the  idea  affixed  to  them ;  but  those  of  meteors,  corusca- 
tions, inflammations,  luminous  wisps,  or  others,  which  I  might 
have  selected,  would  have  been  liable  to  still  greater  objections. 
It  is  true,  that  when  speaking  of  clouds,  we  generally  conceive 
something  too  gross,  and  even  too  permanent,  to  permit  us  to 
apply  that  expression  properly  to  luminous  decompositions, 
which  cannot  float  or  swim  in  air,  as  we  are  used  to  see  our 
planetary  clouds  do.  But  it  should  be  remembered,  that,  on 
account  of  the  great  compression  arising  from  the  force  of 
gravity,  all  the  elastic  solar  gases  must  be  much  condensed ; 
and  that,  consequently,  phenomena  in  the  sun's  atmosphere, 
which  in  ours  would  be  mere  transitory  coruscations,  such  as 
those  of  the  aurora  borealis,  will  be  so  compressed  as  to  become 
much  more  efficacious  and  permanent. 

Cause  of  hidentations.  , 

The  great  light  occasioned  by  the  brilliant  superior  regions, 
must  scatter  itself  on  the  tops  of  the  inferior  planetary  clouds, 
and,  on  account  of  their  great  density,  bring  on  a  very  vivid  re- 
flection. Between  the  interstices  of  the  elevated  parts  of  the 
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corrugations,  or  self- luminous  clouds,  "which,  according  to  the 
observations  that  have  been  given,  are  not  closely  connected,  the 
light  reflected  from  the  lower  clouds  will  be  plainly  visible, 
and,  being  considerably  less  intense  than  the  direct  illumination 
from  the  upper  regions,  will  occasion  that  faint  appearance 
which  we  have  called  indentations. 

Cause  of  the  mottled  appearance  of  the  Sun. 

This  mixture  of  the  light  reflected  from  the  indentations 
and  that  which  is  emitted  directly  from  the  higher  parts  of  the 
corrugations,  unless  very  attentively  examined  by  a  superior 
telescope,  will  only  have  the  resemblance  of  a  mottled  surface. 

Formation  of  small  Openings,  Ridges,  and  Nodules. 

When  a  quantity  of  empyreal  gas,  more  than  what  produces 
only  pores  in  ascending,  is  formed,  it  will  make  itself  small  open- 
ings; or,  meeting  perhaps  with  some  resistance  in  passing  upwards, 
it  may  exert  its  action  in  the  production  of  ridges  and  nodules. 

Production  of  large  Openings  and  Shallows. 

Lastly,  if  still  further  an  uncommon  quantity  of  this  gas  should 
be  formed,  it  will  burst  through  the  planetary  regions  of  clouds, 
and  thus  will  produce  great  openings ;  then,  spreading  itself  above 
them,  it  will  occasion  large  shallows,  and,  mixing  afterwards  gra- 
dually with  other  superior  gases,  it  will  promote  the  increase,  and 
assist  in  the  maintenance,  of  the  general  luminous  phenomena. 

If  this  account  of  the  solar  appearances  should  be  well 
founded,  we  shall  have  no  difficulty  in  ascertaining  the  actual 
state  of  the  sun,  with  regard  to  its  energy  in  giving  light  and 
heat  to  our  globe ;  and  nothing  will  now  remain,  but  to  decide 
the  question  which  will  naturally  occur,  whether  there  be  actu- 
ally any  considerable  difference  in  the  quantity  of  light  and  heat 
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emitted  from  the  sun  at  different  times.  But,  since  experience 
has  already  convinced  us,  that  our  seasons  are  sometimes  very 
.  severe,  and  at  other  times  very  mild,  it  remains  only  to  be  con- 
sidered, whether  we  should  ascribe  this  difference  immediately 
to  a  more  or  less  copious  emission  of  the  solar  beams.  Now, 
as  we  have  lately  had  seasons  of  deficiency,  that  seem  to  indi- 
cate a  want  of  the  vivifying  principles  of  light  and  heat,  and 
as,  from  the  appearance  of  last  summer,  and  the  present  mild 
winter,  there  seems  to  be  a  change  that  may  be  in  our  favour, 
it  will  be  proper  to  have  recourse  to  solar  observations,  in  order 
to  compare  the  phenomena  which  indicate  the  state  of  the  sun, 
with  the  seasons  of  these  remarkable  times.  The  following  two 
sets,  which  are  selected  from  my  journals,  I  believe  will  assist  us 
materially  in  this  inquiry. 

* 

SIGNS  OF  SCARCITY  OF  LUMINOUS  MATTER  IN  THE  SUN. 

Visible  Deficiency  of  empyreal  Clouds. 

July  5,  1795.  ih  6'.  The  appearance  of  the  sun  is  very  dif- 
ferent from  what  I  have  ever  seen  it  before.  There  is  not  a 
single  opening  in  the  whole  disk;  there  are  no  ridges  or 
podules ;  there  are  no  corrugations. 

A  perfect  Calm  in  the  upper  Regions  of  solar  Clouds. 

Dec  9,  1798.  i2h  33'.  The  sun  has  no  openings  of  any  kind ; 
nor  can  I  perceive  any  places  that  look  disturbed,  like  those 
where  openings  have  lately  been. 

Want  of  Openings,  Ridges,  and  Nodules. 

Sept.  18,  1795.  There  is  no  opening  in  the  sun.  I  viewed  it 
with  powers  from  90  to  460. 
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Ajwil  1,  1798.  nh  49'.  I  examined  the  sun  with  a  power  of 
230;  but  could  find  no  openings. 

Nov.  27,  1 799.  The  sun  is  without  openings.  I  cannot  how- 
ever perceive  any  indication  that,  by  the  mere  look,  would  denote 
a  deficiency  of  light. 

Dec.  31,  1799.  There  are  no  openings  in  the  disk  of  the  sun. 

Jan.  3.  1800.  There  is  no  opening  visible  any  where. 

Jan.  27,  1800.  There  is  no  opening.  There  are  no  ridges  ; 
nor  is  there  a  single  nodule  any  where. 

Jan.  30, 1800.  There  are  neither  openings,  ridges,  nor  nodules, 
in  the  sun. 

Jan  31,  1800.  There  are  neither  openings,  nor  ridges,  in 
the  sun. 

Feb.  4, 1800.  There  are  neither  openings,  ridges,  nor  nodules, 
any  where. 

Feb.  11, 1800.  There  is  not  an  opening,  ridge,  or  nodule,  any 
where  in  the  sun. 

Feb.  18, 1800.  There  are  no  openings,  no  ridges,  or  nodules. 

Dec.  22,  1799.  In  one  part  of  the  sun  are  some  vivid  ridges ; 
but  I  cannot  find  any  of  them  in  other  parts. 

Dec.  27,  1799.  Near  the  following  margin  are  some  bright 
ridges ;  but  there  is  not  a  single  one  to  be  seen  in  any  other  part 
of  the  sun's  disk. 

Many  Indentations  without,  and  others  with,  changeable  Pores. 

Jan.  3,  1800.  The  indentations  contain  fewer  black  points 
than  last  week. 

Jan.  4,  1800.  The  corrugations  are  punctured  with  blackish 
indentations.  The  sun  is  more  affected  in  this  manner  than  it 
was  yesterday. 

R  r  2 

♦ 


308         Dr.  Herschel's  Observations  to  investigate 

Jan.  27,  1800.  The  sun  is  every  where  coarsely  indented,  but 
not  punctured  ;  there  being  no  black  points  in  the  indentations. 

SIGNS  OF  ABUNDANCE  OF  LUMINOUS  MATTER  IN  THE  SUN. 

Visible  Increase  of  empyreal  Clouds. 

Feb.  1 2, 1 800.  The  indentations,  in  many  parts,  are  changed 
to  small  shallows  of  corrugations.  There  seems  to  have  been  a 
gradual  increase  of  the  luminous  clouds  for  some  time  past. 
The  reason  why  I  am  not  positively  assured  of  this  increase  is, 
that  my  present  method  of  viewing  the  sun  is  so  much  better 
than  formerly,  that,  by  seeing  things  to  greater  advantage,  there 
may  be  some  deception  in  the  seeming  change  of  appearances. 

March  5, 1800.  I  can  now  entertain  no  doubt  that  the  lumi- 
nous clouds  are  more  copious  than  they  were  some  time  ago. 
The  corrugations  seem  all  to  be  better  filled.  Hardly  any  of  the 
indentations  have  pores. 

Many  Openings,  Ridges,  and  Nodules. 

March  5,  1800.  A  range  of  openings  has  a  very  fine  appear- 
ance ;  there  are  55  of  them.  The  most  south  and  largest  has  a 
considerable  shallow  about  it.  Two,  just  north  of  it,  have  shal- 
lows on  the  northern  side,  but  not  towards  the  south,  where  the 
borders  of  the  openings  seem  to  be  full  as  elevated  as  the  highest 
luminous  clouds.  Near  the  south-following  margin  are  exten- 
sive ridges,  studded  here  and  there  with  nodules. 

Nov.  17,  i9oo.  The  sun  is  beautifully  ornamented  with 
openings,  shallows,  ridges,  and  nodules. 

Dec.  2,  1800.  The  sun  is  every  where  risMy  covered  by  lu- 
minous clouds.  Ridges  and  nodules  are  also  to  be  seen  in  many 
places. 
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Dec.  37.  A  large  opening  is  lately  come  into  the  disk ;  se- 
veral other  small  ones  are  visible ;  and  there  are,  near  the  prece- 
ding and  following  limbs,  many  extensive  ridges.  The  luminous 
clouds  are  very  plentifully  and  richly  scattered  all  over. 

Jan.  15,  1800.  There  are  three  collections  of  openings  indif- 
ferent parts  of  the  disk  of  the  sun,  and  many  ridges  and  nodules. 
The  small  indentations,  as  I  have  formerly  called  them,  are  so 
coarse,  and  of  such  irregular  shapes,  that  they  can  be  called  so 
no  longer.  Corrugations,  therefore,  are  that  variety  and  uneven- 
ness  of  the  whole  surface  of  the  sun,  when  it  appears  richly 
furnished  with  luminous  clouds. 

I  am  now  much  inclined  to  believe,  that  openings  with  great 
shallows,  ridges,  nodules,  and  corrugations,  instead  of  small 
indentations,  may  lead  us  to  expect  a  copious  emission  of  heat, 
and  therefore  mild  seasons.  And  that,  on  the  contrary,  pores, 
small  indentations,  and  a  poor  appearance  of  the  luminous 
clouds,  the  absence  of  ridges  and  nodules,  and  of  large  openings 
and  shallows,  will  denote  a  spare  emission  of  heat,  and  may 
induce  us  ta  expect  severe  seasons.  A  constant  observation  of 
the  sun  with  this  view,  and  a  proper  information  respecting 
the  general  mildness  or  severity  of  the  seasons,  in  all  parts  of 
the  world,  may  bring  this  theory  to  perfection,  or  refute  it,  if  it 
be  not  well  founded. 

Jan.  24,  i8or.  The  surface  of  the  sun  is  every  where  richly 
decked  out  with  luminous  clouds.  An  additional  opening  is 
lately  come  into  view,  attended  by  many  spreading  ridges. 

Jan.  a^,  1801.  If  openings  be  a  sign  of  richness  in  the  illu- 
minating and  heating  disposition  of  the  sun,  there  are  enough  of 
them  :  considerable  ones  are  scattered  in  six  different  regions, 
taking  up  a  broad  *r>ne. 
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Feb.  4,  1801.  Between  flying  clouds,  I  counted  31  openings 
in  the  sun. 

March  2,  1801.  There  are  six  different  sets  of  openings  in 
the  sun.  One  of  them  consists  of  ten ;  another  of  two ;  the  rest 
are  single. 

Coarse  and  luminous  Corrugations. 

Jan.  4,  1801.  The  corrugations  are  very  coarse;  and  the 
luminous  clouds  seem  to  be  very  rich. 

Jan.  3,  1801.  The  elevations  of  the  corrugations  are  all  very 
luminous,  like  so  many  nodules. 

Feb.  j  8,  1801.  The  corrugations  are  every  where  very 
luminous. 

March  2.  The  general  surface  of  the  sun  is  so  rich,  that  the 
indentations  are  a  good  deal  covered  by  self-luminous  clouds. 


From  these  two  last  sets  of  observations,  one  of  which  esta- 
blishes the  scarcity  of  the  luminous  clouds,  while  the  other 
shews  their  great  abundance,  I  think  we  may  reasonably  con- 
clude, that  there  must  be  a  manifest  difference  in  the  emission  of 
light  and  heat  from  the  sun.  It  appears  to  me,  if  I  may  be  per- 
mitted the  metaphor,  that  our  sun  has  for  some  time  past  been 
labouring  under  an  indisposition,  from  which  it  is  now  in  a  fair 
way  of  recovering.  An  application  of  the  foregoing  method,  how- 
ever, even  if  we  were  perfectly  assured  of  its  being  well  founded, 
will  still  remain  attended  with  considerable  difficulties. 

We  see  how,  in  that  simple  instrument  the  barometer,  our 
expectations  of  rain  or  fair  weather,  are  only  to  be  had  by  a 
consideration  of  many  circumstances,  besides  its  actual  elevation 
at  the  moment  of  inspection. 

The  tides  also  present  us  with  the  most  complicated  varieties 
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in  their  greatest  elevation,  as  well  as  in  the  time  when  they 
happen  on  the  coasts  of  different  parts  of  this  globe.  The  sim- 
plicity of  their  cause,  the  solar  and  lunar  attractions,  we  might 
have  expected,  would  have  precluded  every  extraordinary  and 
seemingly  discordant  result. 

In  a  much  higher  degree,  may  the  influence  of  more  or  less 
light  and  heat  from  the  sun,  be  liable  to  produce  a  great  variety 
in  the  severity  or  mildness  of  the  seasons  of  different  climates, 
and  under  different  local  circumstances ;  yet,  when  many  things 
which  are  already  known  to  affect  the  temperature  of  different 
countries,  and  others  which  future  attention  may  still  discover, 
come  to  be  properly  combined  with  the  results  we  propose  to 
draw  from  solar  observations,  we  may  possibly  find  this  subject 
less  intricate  than  we  might  apprehend  on  a  first  view  of  it. 

If,  for  instance,  we  should  have  a  warm  summer  in  this  coun- 
try, when  phenomena  observed  in  the  sun  indicate  the  expecta- 
tion of  it,  I  should  by  no  means  consider  it  as  an  unsurmount- 
able  objection,  if  it  were  shewn  that  in  another  country  the 
weather  had  not  been  so  favourable.  And,  if  it  were  generally 
found  that  our  prognostication  from  solar  observations  held  good 
in  any  one  given  place,  I  should  be  ready  to  say  that,  with  pro- 
per modifications,  they  would  equally  succeed  in  every  other 
situation. 

Before  we  can  generalize  the  influence  of  a  certain  cause,  we 
ought  to  confine  our  experiment  to  one  permanent  situation, 
where  local  circumstances  may  be  supposed  to  act  nearly  alike 
at  all  times,  which  will  remove  a  number  of  difficulties. 

To  recur  to  our  instance  of  the  tides,  if  we  were  to  examine 
the  phenomena  which  they  offer  to  our  inspection  in  any  one 
given  place,  such  as  the  mouth  of  the  Thames,  we  should  soon 
be  convinced  of  their  agreement  with  the  motion  of  the  sun  and 
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moon.  A  little  reflection  would  easily  reconcile  us  to  every  devi- 
ation from  regularity,  by  taking  into  account  the  direction  and 
violence  of  winds,  the' situation  of  the  coast,  and  other  circum- 
stances. Nor  should  we  doubt  the  truth  of  the  theory  of  the 
tides,  though  high  water  at  Bristol,  Liverpool,  or  Hull,  should 
have  been  very  deficient,  at  a  time  when,  in  the  place  of  our 
experiments,  it  had  happened  to  be  uncommonly  abundant 

Now,  with  regard  to  the  effects  of  the  influence  of  the  sun, 
we  know  already,  that  in  the  same  latitudes  die  seasons  differ 
widely  in  temperature ;  that  it  is  not  hottest  at  noon,  or  coldest 
at  midnight ;  that  the  shortest  day  is  neither  attended  with  the 
severest  frosts,  nor  the  longest  day  with  the  most  oppressing 
heats ;  that  large  forests,  lakes,  morasses,  and  swamps,  affect 
the  temperature  one  way;  and  rocky,  sandy,  gravelly,  and 
barren  situations,  in  a  contrary  manner;  that  the  seasons  of 
islands  are  considerably  different  from  those  of  large  continents, 
and  so  forth. 

But  it  will  now  be  necessary  to  examine  the  accounts  we 
already  have  of  the  appearance  and  disappearance  of  the  solar 
spots,  and  to  compare  them  with  the  temperature  of  the  respec- 
tive times,  as  far  as  history  will  furnish  us  with  records. 

The  first  thing  which  appears  from  astronomical  observations 
is,  that  the  periods  of  the  disappearance  of  spots  on  the  sun  are 
of  much  shorter  duration  than  those  of  their  appearance;  so 
that,  if  the  symptoms  which  have  been  pointed  out,  as  denoting 
the  state  of  the  sun  with  regard  to  light  and  heat,  should  be 
well  founded,  we  ought  rather  to  look  upon  the  absence  of 
spots  as  a  sign  of  deficiency,  than  on  their  presence  as  one  of 
abundance;  and  this  would  justify  my  expression,  of  the  reco- 
very of  the  sun  from  an  indisposition,  as  being  a  return  to  its 
usual  splendour. 
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In  going  back  to  early  observations,  we  cannot  expect  to 
meet  with  a  record  of  such  minute  phenomena  as  we  have  at- 
tended to.  The  method  of  viewing  spots  on  the  sun,  by  throw- 
ing their  picture,  in  a  dark  room,  on  a  sheet  of  white  paper,  is 
not  capable  of  delicacy ;  nor  were  the  direct  views  of  former 
astronomers  so  distinct  as,  in  the  present  improved  state  of 
the  telescope,  we  can  have  them ;  a  very  imperfect  account  of 
solar  spots  may  therefore  be  expected,  considering  our  present 
inquiry,  which  would  require  complete  observations  of  every 
spot,  great  or  small,  that  has  been  on  the  sun  during  such 
periods  as  will  be  examined. 

With  regard  to  the  contemporary  severity  and  mildness  of 
the  seasons,  it  will  hardly  be  necessary  to  remark,  that  nothing 
decisive  can  be  obtained.  But,  if  we  are  deficient  here,  an  indi- 
rect source  of  information  is  opened  to  us,  by  applying  to  the 
influence  of  the  sun-beams  on  the  vegetation  of  wheat  in  this 
country.  I  do  not  mean  to  say,  that  this  is  a  real  criterion  of 
the  quantity  of  light  and  heat  emanated  from  the  sun ;  much  less 
will  the  price  of  this  article  completely  represent  the  scarcity 
or  abundance  of  the  absolute  produce  of  the  country.  For 
the  price  of  commodities  will  certainly  be  regulated  by  the 
demand  for  them ;  and  this  we  know  is  liable  to  be  affected 
by  many  fortuitous  circumstances.  However,  although  an 
argument  drawn  from  a  well  ascertained  price  of  wheat,  may 
not  apply  directly  to  our  present  purpose,  yet,  admitting  the 
sun  to  be  the  ultimate  fountain  of  fertility,  this  subject  may 
deserve  a  short  investigation,  especially  as,  for  want  of  proper 
thermometrical  observations,  no  other  method  is  left  for  Our 
choice. 

Our  historical  account  of  the  disappearance  of  the  spots  in  the 
mdccci.  S  s 
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sun,  contains  five  very  irregular  and  very  unequal  periods  *  The 
first  takes  in  a  series  of  21  years,  from  1650  to  1670,  both  in- 
cluded. But  it  is  so  imperfectly  recorded,  that  it  is  hardly  safe  to 
draw  any  conclusions  from  it ;  for  we  have  only  a  few  observa- 
tions of  one  or  two  spots  that  were  seen  in  all  that  time,  and  those 
were  only  observed  for  a  short  continuance.  However,  on 
examining  the  table  of  the  prices  of  the  quarter  of  nine  bushels 
of  the  best  or  highest  priced  wheat  at  Windsor,  marked  in  Dr. 
Adam  Smith's  valuable  Inquiry  into  the  nature  and  causes  of 
the  wealth  of  nations,  +  we  find  that  wheat,  during  the  time  of 
the  21  years  above  mentioned,  bore  a  very  high  price;  the 
average  of  the  quarter  being  £2, 10$.  5 ±ld.  This  period  is  much 
too  long  to  suppose  that  we  might  safely  compare  it  with  a 
preceding  or  following  one  of  equal  duration.  Besides,  no  par- 
ticulars having  been  given  of  the  time  preceding,  except  that 
spots  in  the  sun,  a  good  while  before,  began  to  grow  very  scarce, 
there  might  even  be  fewer  of  them  than  from  the  year  1650  to 
1670.  Of  the  21  years  immediately  following,  we  know  that 
they  certainly  comprehend  two  short  periods,  in  which  there 
were  no  spots  on  the  sun ;  of  these,  more  will  be  said  hereafter; 
but,  including  even  them,  we  have  the  average  price  of  wheat, 
from  16*71  to  16*91,  only  £  2.  45.  4y^.  the  quarter.  The  dif- 
ference, which  is  a  little  more  than  as  9  to  8,  is  therefore  still 
a  proof  of  a  temporary  scarcity. 

Our  next  period  is  much  better  ascertained.  It  begins  in 
December  1676,  which  year  therefore  we  should  not  take  in, 
and  goes  to  April  1684 ;  in  all  which  time,  Flamsteed,  who  was 
then  observing,  saw  no  spot  in  the  sun.  The  average  price  of 
wheat,  during  these  8  years,  was  £  2.  75.  yd.  the  quarter.  We 

•  Sec  Astronomic  par  M.  De  la  Lande,  §  3*35.         f  See  Book  I.  Chap.  XI. 
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cannot  justly  compare  this  price  with  that  of  the  preceding  8 
years,  as  some  of  the  former  years  of  scarcity  would  come  into 
that  period  ;  but  the  8  years  immediately  following,  that  is,  from 
1685  to  1691,  both  included,  give  an  average  price  of  no  more 
than  £  1.  17s.  1  \d.  The  difference,  which  is  as  full  5  to  4,  is 
well  deserving  our  notice. 

A  third  but  very  short  period,  is  from  the  year  1686  to  1688, 
in  which  time  Cassini  could  find  no  spot  in  the  sun.  If  both 
years  be  included,  we  have  the  average  price  of  wheat,  for  those 
three  years,  £\.  1,5$.  o\d.  the  quarter.  We  ought  not  to  com- 
pare this  price  with  that  of  the  three  preceding  years,  as  two  of 
them  belong  to  the  preceding  period  of  scarcity;  but  the  three 
following  years  give  the  average  price  for  the  quarter  of  wheat 
£\.  ii2s.  io|r/.  or,  as  nearly  11  to  10. 

The  fourth  period  on  record,  is  from  the  year  1695  to  1700, 
in  which  time  no  spot  could  be  found  in  the  sun.  This  makes 
a  period  of  5  years;  for,  in  1700  the  spots  were  seen  again.  The 
average  priceof  wheat,  intheseyears,  was  £3.  35.  %\d.  the  quarter. 
The  5  preceding  years,  from  1690  to  1694,  give  £2.  gs.  $±d. 
and  the  5  following  years,  from  1 700  to  1 704,  give  £  1. 1 75.  u  \d. 
These  differences  are  both  very  considerable;  the  last  is  not  less 
than  5  to  3. 

The  fifth  period  extends  from  1710  to  1713;  but  here  there 
was  one  spot  seen  in  1710,  none  in  1711  and  1712,  and  again 
one  spot  only  in  1713.  The  account  of  the  average  priceof 
wheat,  for  these  four  years,  is  £2.  17?.  $d.  the  quarter.  The  pre- 
ceding four  years,  from  1706  to  1 709,  give  the  price  £2.  3.?.  y±4. 
and  the  following  years,  from  1714  to  1717,  it  was  £2.  6s.  $d. 
When  the  astronomical  account  of  the  sun  for  this  period,  which 
has  been  stated  above,  is  considered,  these  two  differences  will 
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be  found  very  considerable ;  the  first  of  them  being  nearly  aa 
4toS- 

The  result  of  this  review  of  the  foregoing  five  periods  is,  that, 
from  the  price  of  wheat,  it  seems  probable  that  some  temporary 
scarcity  or  defect  of  vegetation  has  generally  taken  place,  when 
the  sun  has  been  without  those  appearances  which  we  surmise 
to  be  symptoms  of  a  copious  emission  of  light  and  heat.  In 
order,  however,  to  make  this  an  argument  in  favour  of  our 
hypothesis,  even  if  the  reality  of  a  defective  vegetation  of  grain 
were  sufficiently  established  by  its  enhanced  price,  it  would  still 
be  necessary  to  shew  that  a  deficiency  of  the  solar  beams  had 
been  the  occasion  of  it.  Now,  those  who  are  acquainted  with 
agriculture  may  remark,  that  wheat  is  well  known  to  grow  in 
climates  much  colder  than  ours ;  and  that  a  proper  distribution 
of  rain  and  dry  weather,  with  many  other  circumstances  which 
it  will  not  be  necessary  to  mention,  are  probably  of  much  greater 
consequence  than  the  absolute  quantity  of  light  and  heat  derived 
from  the  sun.  To  this  I  shall  only  suggest,  by  way  of  answer, 
that  those  very  circumstances  of  proper  alternations  of  rain,  dry 
weather,  winds,  or  whatever  else  may  contribute  to  favour  vege- 
tation in  this  climate,  may  possibly  depend  on  a  certain  quantity 
of  sun-beams,  transmitted  to  us  at  proper  times ;  but,  this  being 
a  point  which  can  only  be  ascertained  by  future  observations,  I 
forbear  entering  farther  into  a  discussion  of  it. 

It  will  be  thought  remarkable,  that  no  later  periods  of  the  dis- 
appearance of  the  solar  spots  can  be  found.  The  reason  however 
is  obvious.  The  perfection  of  instruments,  and  the  increased 
number  of  observers,  have  produced  an  account  of  solar  spots, 
which,  from  their  smallness,  or  their  short  appearance,  would 
probably  have  been  overlooked  in  former  times.  If  we  should 
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in  future  only  reckon  the  years  of  the  total  absence  of  sote* 
spots,  even  that  remarkable  period  of  scarcity  which  has  fallen 
under  my  own  observation,  in  which  nevertheless  I  have  now 
and  then  seen  a  few  spots  of  short  duration,  and  of  no  great 
magnitude,  could  not  be  admitted. 

For  this  reason,  we  ought  now  to  distinguish  our  solar  obser- 
vations, by  reducing  them  to  short  periods  of  symptoms  for  or 
against  a  copious  emission  of  the  solar  beams,  in  which,  all  the 
phenomena  we  have  pointed  out  should  be  noticed.  The  most 
striking  of  them  are  certainly  the  number,  magnitude,  and  dura- 
tion of  the  openings.  The  increase  and  decrease  of  the  lumi- 
nous appearance  of  the  corrugations  is  perhaps  full  as  essential ; 
but,  as  it  is  probable  that  their  brilliancy  may  be  a  consequence 
of  the  abundance  of  the  former  phenomena,  an  attention  to  the 
iatter,  which  is  subject  to  great  difficulties,  and  requires  the  very 
best  of  telescopes,  may  not  be  so  necessary. 

What  remains  to  be  added  is  but  short.  In  the  first  of  my 
two  series  of  observations,  I  have  pointed  out  a  deficiency  in 
what  appears  to  be  the  symptomatic  disposition  of  the  sun  for 
emitting  light  and  heat:  it  has  lasted  from  the  year  1795  to 
1800.*  That  we  have  had  a  considerable  deficiency  in  the  vege- 
tation of  grain,  will  hardly  require  any  proof.  The  second  series, 
or  rather  the  commencement  of  it,  for  1  hope  it  will  last  long, 
has  pointed  out  a  favourable  return  of  the  rich  appearance  of  the 
sun.  This,  if  I  may  venture  to  judge,  will  probably  occasion  a 
return  of  such  seasons  as,  in  the  end,  will  be  attended  by  all 
their  usual  fertility.  P  T  . 

The  subject,  however,  being  so  new,  it  will  be  proper  to 

•  This  period  should  properly  have  hecn  divided  into  two  small  ones  ;  but,  for  want 
of  intermediate  solar  observations,  I  have  joined  the  visible  deficiencies  in  the  illumi- 
nating and  heating  powers  of  the  sun,  from  the  year  1795  to  1796,  and  again  from 
1798  to  1800,  into  one. 
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conclude,  by  adding,  that  this  prediction  ought  not  to  be  relied 
on  by  any  one,  with  more  confidence  than  the  arguments  which 
have  been  brought  forwards  in  this  Paper  may  appear  to  deserve. 

Explanation  of  the  ist,  2d,  nth  and  12th  figures. 
See  Plates  XVIII.  and  XIX. 

*       »  t  * 

'  T 

Plate  XVIII.  Fig.  1,  represents  an  opening  in  the  luminous 
solar  clouds,  with  its  surrounding  shallow,  in  a  situation  much 
past  the  centre,  towards  the  preceding  limb  of  the  sun.  The 
lines  marked  with  the  letters  a,  b,  cy  d,  <?,/,  answer  to  those  which ' 
are  marked  with  the  same  letters  in  Fig.  2. 

Figure  2,  is  a  section  of  the  same  opening.  'The  lines  a,  bt  c, 
d,  e,f,  are  supposed  to  be  drawn  from  the  eye  of  the  observer. 
a  and  b  point  out  the  elevation  of  the  corrugations  g,  b,  on  the 
preceding  side  P,  above  the  surface  of  the  shallow  1,  k.  c  and  d 
shew  the  thickness  of  the  shallow ;  and  the  line  d  goes  through 
the  opening,  down  into  the  clear  atmospheric  space  P  F,  till  it 
meets  with  the  opaque  surface  of  the  sun  A  B.  On  the  following 
side  F,  the  thickness  of  the  shallow  and  elevation  of  the  corru- 
gations cannot  be  seen  ;  since  the  line  e  goes  abruptly  into  the 
opening;  and  / goes,  as  abruptly,  from  the  top  of  the  corruga- 
tions, down  to  the  shallow. 

Plate  XIX.  Fig.  11,  shews  a  section  of  the  corrugations,  shal- 
low, and  opening,  of  Fig.  10,  in  the  same  manner  as  Fig.  2 
represents  those  of  Fig.  1.  There  is  a  hanging  cloud  a,  in 
Fig.  11,  over  the  preceding  part  of  the  opening ;  and  the  same 
cloud  is  represented  at  6,  in  Fig.  12,  to  which  place  it  was  seen 
to  move  from  its  former  situation,  in  58  minutes  of  time. 

The  rest  of  the  figures  are  sufficiently  explained  in  the  places 
of  the  text  which  refer  to  them. 
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grinding  Teeth  of  the  Wild  Boar,  and  Animal  incognitum. 
By  Everard  Home,  Esq.  F.R.S. 

Read  May  7,  1801. 

The  peculiarities  in  the  mode  of  growth  of  the  grinding 
teeth  of  the  Sus  Ethiopicus  have,  upon  a  former  occasion,  been 
laid  before  this  learned  Society,  and  the,  similarity  of  their 
structure  to  those  of  the  elephant  explained. 

The  wild  boar  has  been  since  discovered  to  have  similar  pecu- 
liarities, although  in  a  less  degree,  and  taking  place  at  a  later 
period  of  the  animal's  life :  an  account  of  these  is  the  subject  of 
the  present  Paper. 

When  the  peculiarities  just  alluded  to  were  noticed  in  the  teeth 
of  the  Sus  Ethiopicus,  it  naturally  led  to  the  examination  of  the 
grinding  teeth  in  the  different  species  of  Sus  ;  and,  that  no  such 
peculiarities  should  be  found  in  any  of  them,  appeared  undoubt- 
edly very  extraordinary ;  but,  upon  reflecting  that  they  only 
belonged  to  the  second  set  of  teeth,  and  that  the  first  or  tem- 
porary teeth  of  the  Sus  Ethiopicus  were  exactly  similar  to  those 
of  the  common  hog,  the  idea  suggested  itself,  that  a  similar 
change  might  take  place  in  the  teeth  of  the  other  species,  at  a 
more  advanced  period  of  life;  and,  that  it  had  not  been  detected 
in  the  heads  that  had  been  examined,  because  the  animals  were 
too  young. 
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This  view  of  the  subject  encouraged  me  to  prosecute  the  en- 
quiry, and  made  me  desirous  of  examining  the  grinding  teeth 
of  the  wild  boar  in  the  different  stages  of  their  growth,  and,  if 
possible,  after  the  animal  had  arrived  at  an  advanced  age. 

My  wishes  respecting  the  wild  boar  were  mentioned  to  Sir 
Joseph  Banks,  who  very  obligingly  sent  me  two  sculls  he  had 
received  from  Germany ;  and  George  Best,  Esq.  F.  R.  S.  was 
so  good  as  to  send  over  to  Hanover,  for  the  head  of  one  of  the 
largest  boars  that  could  be  procured :  his  request  was  imme- 
diately complied  with,  and  the  animal  to  which  the  head  belonged, 
was  considered  by  the  hunters  as  under  seven  years  of  age. 

From  an  examination  of  these  different  specimens,  I  have 
been  able  to  make  out  very  satisfactorily,  the  mode  of  dentition 
of  the  wild  boar  during  the  first  seven  years ;  and  to  ascertain, 
that  there  is  a  succession  of  grinding  teeth  beyond  that  period. 

In  this  species  of  Sus,  the  temporary  grinders  consist  of  six- 
teen ;  four  on  each  side,  both  of  the  upper  and  under  jaw. 

These  sixteen  teeth  are  shed  in  the  usual  manner,  and  their 
places  supplied  by  larger  teeth  rising  up  from  the  substance  of 
the  jaw,  immediately  under  the  old  ones. 

Before  these  first  teeth  are  shed,  one  of  the  more  permanent 
grinders  is  formed,  in  the  posterior  part  of  each  side  of  both  the 
upper  and  under  jaw ;  this  tooth,  although  it  is  in  its  place  with 
the  first  set,  is  to  be  considered  as  belonging  to  the  second  set. 

In  explaining  the  subsequent  changes  which  take  place,  I  shall 
confine  myself  to  the  lower  jaw ;  as  the  figures  which  are 
annexed  are  taken  from  the  teeth  in  that  jaw. 

Of  the  five  teeth  on  each  side  of  the  lower  jaw,  one  is  sepa- 
rated from  the  rest,  and  is  close  to  the  tusk,  which  admits  of  a 
space,  for  the  curve  of  the  upper  tusk  to  rest  upon;  so  that 
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there  are,  properly  speaking,  only  four  grinders,  forming  a 
regular  row. 

As  the  jaw  increases  in  length,  a  small  cell  is  formed  in  its 
substance,  behind  the  last  grinder,  in  which  the  rudiments  of  a 
new  tooth  appear:  these  increase,  along  with  the  cavity  in 
which  they  are  contained ;  and  the  new  tooth  is  in  every  respect 
larger  than  the  preceding  one.  By  the  time  it  is  completely 
formed,  and  ready  to  cut  the  gum,  the  jaw  has  extended  itself, 
so  that  there  is  room  for  it  to  come  into  its  place,  as  the  poste- 
rior grinder. 

While  this  tooth  is  concealed  in  the  jaw,  another  cell  is 
formed  immediately  beyond  it ;  and  there  is  a  small  round  hole 
of  communication  between  the  two  cells,  similar  to  what  is  met 
with  in  the  elephant ;  but  there  are  no  remains  of  such  a  com- 
munication, between  the  anterior  cell  and  the  socket  of  the  full 
grown  tooth  immediately  before  it. 

The  last  mentioned  cell  is  at  first  very  small ;  but  gradually 
increases  to  a  prodigious  size;  and  the  tooth  formed  in  it  is 
nearly  double  the  size  of  the  preceding  large  grinder.  Its  mas- 
ticating surface  has  a  row  of  four  projections  on  each  side,  and 
the  tooth  has  eight  fangs ;  so  that  it  very  much  resembles  two 
large  grinding  teeth  incorporated  into  one :  the  posterior  fangs 
are  not  completely  formed  at  seven  years  of  age. 

This  large  tooth,  although  it  is  formed  in  the  posterior  part 
of  the  jaw,  is  brought  sufficiently  forward,  by  the  growth  of  the 
jaw  bone,  to  cut  the  gum,  and  range  in  the  line  with  the  other 
teeth,  making  the  connected  row  of  grinders  six  in  number. 
From  its  very  great  size,  it  not  only  fills  the  jaw  completely, 
but  all  the  bodies  of  the  other  five  teeth  are  pushed  by  it  out  of 
their  perpendicular  direction,  leaning  a  little  forwards. 

mdccci.  T  t 
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As  soon  as  the  sixth  grinder  has  cut  the  gum,  a  new  cell 
begins  to  appear  immediately  beyond  it,  to  receive  the  rudiments 
of  another  tooth. 

This  last  cell,  at  seven  years  of  age,  is  very  small ;  and 
the  specimens  in  my  possession  do  not  enable  me  to  prose- 
cute the  enquiry ;  but  there  is  every  reason  to  believe  the  tooth 
formed  in  it,  equals  or  exceeds  the  large  one  that  has  been 
described. 

The  appearances  which  have  been  mentioned  will  be  better 
understood  by  referring  to  the  annexed  figures,  (Plates  XX, 
XXI,  XXII,  and  XXIII.)  than  by  any  verbal  description. 

The  large  grinder  in  the  wild  boar  resembles' those  of  the  Sus 
Ethiopicus  and  elephant,  in  having  a  larger  extent  of  masti- 
cating surface  than  is  met  with  in  other  teeth ;  it  differs,  how- 
ever, materially  in  its  structure,  having  that  surface  composed 
of  a  strong  crust  of  enamel,  with  projecting  transverse  ridges ; 
showing  that  it  is  not  intended  for  grinding  simply,  but  belongs 
to  an  animal  which,  like  the  human  species,  is  fitted  to  live  on 
both  animal  and  vegetable  substances. 

Previous  to  a  tooth  of  this  structure  having  been  discovered 
with  an  extended  masticating  surface,  the  curious  mechanism 
of  the  elephant's  grinders  appeared  to  be  the  only  one  peculiarly 
fitted  for  that  purpose;  but  we  now  find,  that  the  more  usual 
structure  of  grinding  teeth  will  admit  their  surfaces  to  be 
extended,  whenever  their  enlargement  becomes  necessary  to 
enable  the  animal  to  prepare  the  food  for  the  process  of 
digestion. 

The  elephant,  the  Sus  Ethiopicus,  and  the  wild  boar,  are  the 
only  recent  animals  in  which  this  extended  masticating  surface 
of  the  grinding  teeth  has  been  met  with.  There  is  nothing 
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similar  to  it  in  the  bear ;  and,  in  the  lion  and  tyger,  the  posterior 
grinder  has  a  small  tooth  placed  close  to  it,  which  is  a  different 
mode  of  increasing  the  grinding  surface. 

The  rhinoceros  and  hippopotamus  have  no  increase  of  the 
surface  of  the  posterior  grinders,  beyond  what  is  usually  met 
with. 

The  tapir  I  have  not  had  an  opportunity  of  examining 
in  its  full  grown  state;  so  that  I  am  unable  to  say  what  ex- 
tent the  masticating  surfaces  of  the  posterior  grinders  may 
acquire. 

In  the  human.species,  the  mode  of  dentition  is  upon  the  same 
principle  as  in  the  wild  boar ;  only  the  last-formed  grinding 
teeth  in  each  jaw,  called  dentes  sapientiae,  from  the  late  period 
of  life  at  which  they  cut  the  gum,  do  not  in  size  exceed  the 
others,  but  are  rather  smaller,  and  very  often  have  not  sufficient 
room  in  the  jaw  to  come  into  their  regular  place,  although  they 
do  not  make  their  appearance  till  between  twenty  and  thirty 
years  of  age. 

In  the  negro,  the  dentes  sapientiae  have  sufficient  room  to 
come  into  their  place,  and  are  in  general  full  as  large  as  the 
other  grinders ;  the  growth  of  the  posterior  part  of  the  jaw 
being  evidently  greater  than  in  the  European. 

When  the  age  of  man  was  much  greater  than  at  present,  it  is 
natural  to  suppose  the  growth  of  the  posterior  part  of  the  jaw 
was  continued  for  a  longer  time,  and  the  space  for  the  dentes 
sapientiae  was  more  extensive.  Under  such  circumstances,  these 
teeth  would  probably  be  large,  in  proportion  to  the  space  which 
was  to  receive  them  ;  and  when,  instead  of  threescore  and  ten, 
a  thousand  years  was  the  period  of  a  man's  life,  we  should  be 
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led  to  conclude,  from  the  preceding  observations,  that  there  was 
a  succession  of  dentes  sapientiae. 

Theje  is  a  very  curious  circumstance  in  favour  of  this 
conjecture,  which  has  been  mentioned  to  me  by  Sir  Joseph 
Banks.  In  Otaheite,  the  natives  have  a  tradition,  that  Adam,  or 
the  first  man,  was  remarkable  for  the  length  of  his  jaws.  His 
name,  in  their  language,  is  Taa  roa  tabi  etoomoo,  which  sig- 
nifies the  one  (the  stock)  from  which  all  others  sprung,  with 
the  long  jaws ;  so  that  these  islanders  have  a  tradition  of  the 
original  race  of  men  having  had  their  jaws  much  longer  than 
at  present. 

Although  the  grinder  of  the  boar  differs  in  appearance,  as  in 
extent  of  surface,  from  those  of  all  the  recent  animals  that  have 
been  mentioned,  yet,  upon  comparing  it  with  the  large  fossil 
teeth  found  on  the  banks  of  the  river  Ohio  in  North  America, 
belonging  to  the  animal  incognitum,  they  are  so  much  alike, 
both  in  their  external  appearance  and  internal  structure,  that  it 
is  evident  they  are  teeth  of  the  same  kind,  only  of  very  different 
sizes. 

This  resemblance  led  me  to  examine  the  mode  of  dentition 
of  this  unknown  animal,  as  far  as  could  be  done  from  the 
specimens  preserved  in  this  country,  to  see  if  any  resemblance 
could  be  traced  between  it  and  that  of  the  wild  boar. 

From  the  different  specimens  of  these  fossil  teeth  deposited  in 
the  British  Museum,  the  collection  of  the  late  Dr.  William 
Hunter,  and  the  Hunterian  Museum,  together  with  one  in 
my  own  possession,  presented  to  me  by  Sir  Joseph  Banks,  the 
following  facts  have  been  ascertained. 

The  first  grinders  are  small,  when  compared  with  those  which 
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are  afterwards  formed,  being  scarcely  more  than  half  their  size : 
they  have  three  transverse  projecting  ridges,  completely  en- 
crusted with  enamel,  as  well  as  every  other  part  of  the  masti- 
cating surface. 

Two  of  these  grinders,  and  probably  more,  are  present  on 
each  side  of  the  jaw  at  the  same  time.  As  the  animal  increases 
in  size,  and  the  jaw  extends  itself,  a  larger  kind  of  grinder  is 
formed  in  the  posterior  part  of  the  jaw,  exactly  similar  to  what 
happens  in  the  elephant ;  and,  as  this  large  tooth,  which  has  five 
projecting  transverse  ridges  on  the  masticating  surface,  becomes 
completely  formed,  it  comes  forward,  and  occupies  the  principal 
seat  in  the  jaw,  and  the  others  drop  out. 

When  the  smaller  grinders  are  examined,  the  greater  num- 
ber of  them  have  their  fangs  all  bent  in  one  direction,  in  con- 
sequence of  the  bodies  of  the  teeth  having  been  pushed  for- 
ward, by  the  large  posterior  tooth  coming  into  their  place, 
as  was  observed  in  the  temporary  grinders  of  the  young  Sua 
Ethiopicus. 

This  process  is  well  illustrated  by -two  specimens,  which  show 
the  teeth  in  the  two  stages  of  growth,  and  which  are  represented 
in  the  annexed  figures. 

The  first  is  a  lower  jaw  preserved  in  the  Hunterian  Museum, 
in  Which  the  two  small  grinders  are  in  their  sockets ;  and  the 
cavity  for  the  formation  of  the  large  grinder  has,  upon  its 
sides,  the  impression  of  the  different  parts  of  the  body  of  the 
tooth. 

The  second  is  a  lower  jaw  in  the  British  Museum,  in  which 
the  large  grinder  is  completely  formed,  and  occupies  the  prin- 
cipal part  of  the  jaw,  at  the  anterior  part  of  which  are  the 
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remains  of  the  sockets,  from  which  the  smaller  grinders  had 
fallen  out. 

This  mode  of  dentition  is  precisely  similar  to  that  of  the 
elephant;  and,  in  the  structure  of  the  tooth,  it  resembles 
that  of  the  boar;  we  have  therefore  complete  evidence  of  a 
tooth  of  this  last  structure  acquiring  the  size  of  that  of  the 
elephant,  and  succeeding  those  which  preceded  it  in  the  same 
manner. 

The  animal  incognitum,  with  respect  to  its  teeth  and  the 
mode  of  their  succession,  being  an  intermediate  step  between 
the  elephant  and  wild  boar,  both  of  which  hav«  tusks,  gives  a 
degree  of  probability  to  the  opinion  which  has  been  very  gene- 
rally adopted,  of  this  animal  also  having  tusks. 

Of  this,  however,  there  is  at  present  no  confirmation;  nor  is 
there  sufficient  ground  for  denying  their  existence;  the  part  of 
the  upper  jaw  in  which  they  ought  to  be  situated  not  having 
been  preserved  entire,  in  any  of  the  specimens  that  have  come 
under  my  observation.  * 

That  tusks  have  been  found,  resembling  those  of  the  elephant, 
in  the  same  places  in  which  the  fossil  teeth  were  met  with,  proves 
nothing ;  since  fossil  elephants'  grinders  have  been  found  in  the 
same  situation. 

The  scull  of  the  fossil  skeleton  found  in  South  America,  a 
description  of  which  is  given  by  Mr.  Cuvier,  Secretary  to  the 
National  Institute  at  Paris,  in  size  resembles  that  of  the  animal 
incognitum ;  but,  when  it  is  particularly  examined,  it  will  be 
found  that  the  animal  is  of  a  very  different  genus.  The  shape 

•  •  From  the  appearance  of  the  lower  jaw  in  the  British  Museum,  there  is  sufficient 
eridence  to  ascertain  that  there  is  no  tusk  in  the  lower  jaw. 
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of  the  lower  jaw  is  totally  unlike ;  and  there  are  four  grinding 
teeth  on  each  side  of  the  jaw,  with  flat  crowns,  on  which  are 
transverse  grooves ;  which  shows  that  the  number  and  appear- 
ance of  the  teeth  are  very  different  from  those  of  the  animal 
incognitum  of  North  America.  This  South  American  animal 
incognitum,  therefore,  having  no  tusks,  cannot  be  brought  in 
evidence  either  for  or  against  their  existence  in  the  other. 

The  mode  of  dentition  by  a  succession  of  large  grinders 
formed  in  the  posterior  part  of  the  jaw,  is  not  the  only  one 
adopted  by  nature  for  the  supply  of  those  animals  who  live  to  a 
great  age,  and  require  a  renewal  of  their  teeth,  with  an  increase 
of  size  proportioned  to  the  enlarged  growth  of  the  animal. 

Crocodiles  and  seals  live  to  a  considerable  age,  and  grow  to  a 
very  large  size ;  but,  from  the  nature  of  their  food,  their  teeth 
are  small ;  and  therefore,  in  those  animals,  the  succession  is 
from  the  portion  of  the  jaw  immediately  under  those  which 
are  to  be  shed.  As  the  jaw  becomes  larger,  the  teeth  increase 
in  size,  but  never  so  much  as  to  prevent  there  being  room 
for  the  growth  of  the  new  tooth  under  the  old,  although  the 
succeeding  teeth  are  three  or  four  times  larger  than  the  original 
ones,  in  both  these  genera  of  animals. 

The  mode  of  dentition  in  the  elephant,  animal  incognitum, 
and  boar,  appears  to  be  confined  to  those  animals,  of  great 
longevity,  whose  food  has  so  much  resistance  as  to  require 
the  teeth  being  of  a  size  too  large  to  admit  of  the  new  tooth  and  , 
the  old  being  contained  in  the  same  portion  of  the  jaw,  at  the 
same  time. 

That  the  elephant  lives  to  a  great  age,  is  sufficiently  ascer- 
tained;  and  the  size  of  the  bones  of  the  animal  incognitum,  is 
almost  sufficient  evidence  of  its  being  a  long  lived  animal. 
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The  wild  boar  of  Germany,  from  living  in  a  savage  state, 
cannot  have  its  natural  life  appreciated  with  any  accuracy ;  but, 
if  we  may  credit  the  accounts  recorded,  of  the  size  to  which  it 
grows,  it  may  be  presumed  that  many  years  are  necessary  for 
that  purpose. 

The  following  statements  upon  this  subject,  have  been  com- 
municated to  me  by  Mr.  Best,  from  Hanover. 

In  the  year  1581,  a  boar  was  killed  near  Koningsberg,  in 
Prussia,  of  six  hundred  pounds  weight. 

In  1507,  one  was  killed  in  the  dukedom  of  Wirtemberg, 
seven  feet  three  inches  long,  by  five  feet  three  inches  high.  The 
length  of  the  head  was  twenty-three  inches. 

From  these  accounts  of  the  enormous  size  of  the  wild  boar  in 
the  16th  century,  it  cannot  be  doubted  that  the  animal,  where 
its  haunts  are  not  disturbed  by  hunters,  lives  to  a  great  age ; 
if  that  were  not  the  case,  the  mode  by  which  its  teeth  are 
renewed,  would  be  entirely  unnecessary. 

A  boar  of  this  description,  matured  in  its  native  forests,  when 
it  arrived  at  the  age  of  60  or  100  years,  possessed  of  the  strength 
and  sagacity  to  be  acquired  in  that  time,  must  have  been  an 
animal  more  formidable  than  any  which  are  at  present  to  be 
met  with;  and,  when  it  made  occasional  excursions  into  the 
nearest  cultivated  lands,  it  must  have  excited  the  greatest  degree 
of  terror  and  alarm  among  the  inhabitants. 

Before  the  use  of  fire-arms,  it  is  not  at  all  improbable  that 
such  an  animal  should  drive  before  it  the  peasantry  of  a  whole 
district;  and  that  the  boldest  warriors  should  be  solicited  to  come 
from  the  neighbouring  cities,  to  put  a  stop  to  its  ravages. 

The  histories  of  this  kind  which  are  to  be  met  with  in 
the  works  of  the  ancient  poets  and  historians,  are  therefore  not 
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to  be  considered  as  wholly  fabulous,  but  the  recital  of  events 
which  really  happened,  although  probably  in  many  instances 
much  exaggerated  and  embellished. 

Ovid's  description  of  the  wild  boar  killed  by  Meleager, 
which  he  asserts  to  be  larger  than  the  Sicilian  bulls,  with  tusks 
equal  in  size  to  those  of  the  elephant,  was  probably  taken  from 
some  Greek  account,  which,  being  founded  on  tradition,  may  be 
supposed,  from  the  preceding  observations,  to  have  been  in  its 
origin  a  true  history.* 

It  is  deserving  of  remark,  in  proof  of  the  Roman  poets  having 
considered  the  wild  boar  as  an  animal  that  lived  to  a  great  age, 
and  grew  to  an  enormous  size,  that,  while  Ovid  gives  the  parti- 
culars of  its  bulk,  Virgil  thinks  it  sufficient,  when  he  means  to 
describe  the  animal  in  all  its  power,  to  say  it  had  lived  many 
years,  without  at  all  particularizing  its  size.-f 

•  Inquit ;  et  CEncos  ultorem  spreta  per  agros 

Misit  aprum,  quanto  majores  herbida  tauros 

Non  habet  Epiros ;  sed  habent  Sicula  arva  minores. 

Sanguine  et  igne  micant  oculi,  riget  horrida  cervix, 

Et  setae  densis  similes  hastilibus  horrent ; 

Stantque  velut  vallum,  vclut  alta  hastilia  sets. 

Fervida  cum  rauco  latos  stridore  per  armos 

Spuma  fluit ;  dentes  xquantur  dentibus  Indis. 

Ovid.  Metam.  lib.  viii.  1.  281 
■f  Ac  velut  ille  canum  morsu  de  montibus  aids 

Actus  aper,  (multos  Vesulus  quern  pinifer  annos 

Defendit,  multosque  Palus  Laurentia,)  sylva 

Pastus  arundinea ;  postquam  inter  retia  ventum  esf, 

Substitit,  infremuitque  ferox,  et  inhorruit  armos. 

Nec  cuiquam  irasci,  propiusve  accedere  virtus ; 

Sed  jaculis,  tutisque  procul  damoribus  iustant. 

Vmc.jEn.  lib.  x.  1.  707. 
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The  observations  which  have  been  made  upon  the  wild 
boar,  are  laid  before  this  learned  Society,  with  a  view  of  call- 
ing the  attention  of  other  physiologists  to  this  subject,  whose 
opportunities  may  enable  them  to  prosecute  it  with  more  ad- 
vantage. 

From  this  consideration,  these  materials,  so  inadequate  to  the 
extent  of  the  enquiry,  have  been  brought  forward ;  as  many 
years  might  elapse  before  more  could  be  procured;  and  the  hints 
that  have  been  thrown  out  may  induce  others  to  assist  in 
collecting  facts  upon  this  subject. 
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EXPLANATION  OF  THE  PLATES. 

Plate  XX.  In  this  Plate  are  three  figures  of  the  lower  jaw  of 
the  wild  boar,  in  different  stages  of  growth,  to  shew  the  mode 
in  which  the  teeth  are  supplied.  The  figures  are  on  a  scale  of 
half  an  inch  to  an  inch. 

Fig.  1.  Represents  the  first  set  of  grinders,  and  the  mode  in 
which  they  are  shed,  by  others  rising  up  immediately  under 
them :  one  of  the  second  set  is  in  its  place ;  another  is  forming 
in  the  substance  of  the  jaw ;  and  there  is  a  small  cell  behind 
it,  in  which  were  the  rudiments  of  the  succeeding  tooth. 

Fig.  2.  Represents  the  second  set  of  teeth  in  their  place,  with 
the  small  cell  delineated  in  the  first  figure  increased  to  a  large 
size,  and  containing  an  imperfectly  formed  tooth,  greatly  ex- 
ceeding in  size  any  of  the  others. 

Fig.  3.  Represents  the  jaw  in  a  still  more  advanced  stage 
of  its  growth,  with  the  tooth  which  was  only  forming  in  the 
second  figure  now  come  to  its  full  size,  and  in  its  proper  place 
in  the  row  of  teeth ;  there  is  also  a  new  cell  formed,  for  a  suc- 
ceeding tooth. 

Plate  XXI.  Represents  a  view  of  a  portion  of  the  lower  jaw 
of  the  animal  incognitum,  (on  a  scale  of  half  an  inch  to  an  inch,) 
to  shew  the  appearance  of  the  smaller  or  first  formed  grinders, 
in  their  place  in  the  jaw ;  also  the  cavity  immediately  behind 
them  in  the  substance  of  the  jaw,  in  which  were  contained  the 
rudiments  of  the  larger  grinder,  which  was  afterwards  to  occupy 
the  principal  part  of  the  jaw. 

Plate  XXII.  Represents  a  view  of  the  lower  jaw  of  the  animal 
incognitum,  with  the  large  grinder,  (the  cavity  for  forming 

U  u  3 


Digitized  by  Google 


333  Mr.  Home's  Observations,  &c. 

which  was  seen  in  the  last  Plate,)  now  come  to  perfection,  and 
occupying  its  proper  place  in  the  jaw ;  there  are  also  imperfect 
remains  of  the  sockets  of  the  smaller  grinders.  In  this  Plate 
the  figure  is  on  a  scale  of  one-third  of  an  inch  to  an  inch. 

Plate  XXIII.  Represents  a  section  of  the  grinding  tooth  of  the 
animal  incognitum,  (on  a  scale  of  half  an  inch  to  an  inch,)  to 
shew  the  internal  structure,  and  the  mode  in  which  the  tooth  is 
formed  upon  the  pulp.  From  this  section  it  is  evident,  that  this 
tooth,  like  that  of  the  elephant,  does  not  arrive  at  perfection  in 
all  its  parts  at  the  same  time :  one  portion  of  the  tooth  is  first 
completed,  and  afterwards,  in  succession,  the  other  parts.  The 
part  which  is  nearly  solid  is  the  first  formed ;  and  the  large  ca- 
vity contained  the  pulp  upon  which  the  rest  of  the  body  of  the 
tooth  was  to  have  been  made  solid. 
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XV.  Account  of  some  Experiments  on  the  Ascent  of  the  Sap  in 
Trees.  In  a  Letter  from  Thomas  Andrew  Knight,  Esq.  to  the 
Right  Hon.  Sir  Joseph  Banks,  Bart.  K.  B.  P.  R.  S. 

Read  May  14,  1801. 

MY  DEAR  SIR, 

The  cause  of  the  ascent  of  the  sap  in  trees  appearing  to  me 
not  to  have  been  satisfactorily  accounted  for,  I  have  lately  turned 
my  attention  to  that  subject;  and,  as  some  facts  have  come 
under  my  observation,  which  do  not  appear  to  have  been  noticed 
by  any  author  that  I  have  seen,  I  take  the  liberty  to  trouble  you 
with  an  account  of  a  few  of  the  experiments  that  I  have  made ; 
hoping  that  some  of  them  may  appear  new  and  interesting  to 
you.  These  experiments  were  made  on  different  kinds  of  trees ; 
but  I  shall  confine  myself  to  those  made  on  the  crab-tree,  the 
horse-chesnut,  the  vine,  and  the  oak;  and  shall  begin  with 
those  made  on  the  crab-tree. 

Choosing  several  young  trees  of  this  species  in  my  nursery, 
of  something  more  than  half  an  inch  diameter,  and  of  equal 
vigour,  I  made  two  circular  incisions  through  the  bark,  round 
one  half  the  number  of  them,  about  half  an  inch  distant  from 
each  other,  early  in  the  spring  of  1 799 ;  and  I  totally  removed 
the  bark  between  these  incisions,  scraping  off  the  external  coat 
of  the  wood.  The  other  half  I  left  in  their  natural  state. 

At  the  usual  season,  the  sap  rose  in  equal  abundance  in  all ; 
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and  their  branches  shot,  during  the  whole  spring,  with  equal 
luxuriance.  But  that  part  of  the  stems  (of  the  trees  whose  bark 
had  been  taken  off)  which  was  below  my  incisions,  scarcely 
grew  at  all;  whilst  all  the  parts  above  the  incisions,  increased 
as  rapidly  as  in  the  trees  whose  bark  remained  in  the  natural 
state:  the  upper  lips  of  the  wounds  also  made  considerable 
advances  towards  anNunion  ;  but  the  lower  ones  made  scarcely 
any. 

Soon  after  Midsummer,  those  parts  of  the  wood  which  had 
been  deprived  of  bark  became  dry  and  lifeless,  to  some  depth ; 
and  the  sap,  in  consequence,  meeting  obstruction  in  its  ascent, 
some  latent  buds  shot  forth,  in  some  of  the  plants,  below  the 
incisions  When  one  of  the  shoots  which  these  buds  pro- 
duced was  suffered  to  remain,  the  part  of  the  stem  below  it 
began  immediately  to  increase  in  size ;  but,  if  it  was  at  any  dis- 
tance below  the  incision  above,  the  part  between  it  and  that 
incision  still  remained  very  nearly  stationary,  so  as  to  be,  in  the 
autumn,  almost  a  whole  year's  growth  less  than  the  stem  above 
the  incisions. 

Choosing  other  stocks,  which  had  each  a  strong  lateral  branch,* 
I  removed  the  bark,  in  the  manner  described,  in  two  places;  the 
one  above,  and  the  other  below,  each  lateral  branch.  The  sap 
here  passed  both  my  incisions,  as  freely  as  in  the  former  expe- 
riment; the  lateral  branches  between  them  grew  with  the 
greatest  vigour;  and  the  part  of  the  stem  between  those 
branches  and  the  lower  incisions  increased  much  in  size.  I  varied 
these  experiments  in  every  way  that  occurred  to  me ;  and  the 
result  uniformly  was,  that  those  parts  of  the  stems  and  branches 
which  were  above  the  incisions,  and  had  a  communication  with 
the  leaves,  through  the  bark,  increased  rapidly ;  whilst  those " 
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below  the  incisions  scarcely  grew  at  all,  till  a  new  communi- 
cation with  the  leaves  through  the  bark  was  obtained,  by  means 
of  a  lateral  shoot,  below  the  incisions.  It  now  appeared  to  me 
to  be  probable,  that  the  current  of  sap  which  adds  the  annual 
layer  of  wood  to  the  stem,  must  descend  through  the  bark,  from 
the  young  branches  and  leaves ;  and  to  these  my  attention  was 
in  consequence  directed. 

Towards  the  end  of  the  summer,  when  some  young  luxuriant 
shoots  of  my  apple-trees  had  attained  a  proper  degree  of  firm- 
ness, I  made  four  circular  incisions  through  the  bark  of  each,  as 
in  the  preceding  instances ;  and  I  removed  the  bark  in  two 
places,  leaving  a  leaf  between  the  places  where  the  bark  was 
taken  off.  Examining  them  frequently  during  the  autumn,  I 
found  that  the  insulated  leaf  acted  just  as  the  lateral  branch-  had 
done ;  the  part  of  the  bark  and  stem  between  it  and  the  lower 
incision  being  apparently  as  well  fed  as  any  other  part  of  the 
tree;  and  it  grew  as  much.  Making  similar  incisions  on  other 
branches  of  the  same  age,  I  left  similar  portions  of  insulated 
bark,  without  a  leaf  between  the  incisions ;  but  in  thole  no 
apparent  increase  in  the  size  of  the  wood  was  discoverable. 

I  was  still  unacquainted  with  the  channel  through  which  the 
sap  was  conveyed  into  the  leaf;  and  therefore,  having  obtained 
a  deeply  tinged  infusion,  by  macerating  the  skins  of  a  very  black 
grape  in  water,  I  prepared  some  annual  shoots  of  the  apple, 
and  of  the  horse-chesnut,  in  the  manner  above  mentioned;  then, 
cutting  them  off  a  few  inches  below  the  incisions  of  the  bark,  I 
placed  them  for  some  hours  in  the  coloured  infusion.  Making 
transverse  sections  of  them  afterwards,  I  found  that  the  in- 
fusion had  passed  up  the  pores  of  the  wood,  beyond  both  my 
incisions,  and  into  the  insulated  leaves  ;  but  it  had  neither 
coloured  the  bark,  nor  the  sap  between  it  and  the  wood ;  and 
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the  medulla  was  not  affected,  or  at  most  was  very  slightly  tinged 

at  its  edges. 

My  attention  was  now  turned  to  the  leaves :  these,  in  the  apple- 
tree,  are  attached  to  the  wood  by  three  strong  fibres  or  tubes, 
(or  rather  bundles  of  tubes,)  one  of  which  enters  the  middle 
of  the  leaf-stalk,  and  the  others  are  on  each  side  of  it.   In  the 
horse-chesnut,  there  are  seven  or  eight  bundles  of  a  similar  kind 
of  tubes  in  each  leaf:  through  these  the  infusion  had  passed,  and 
had  communicated  its  colour  to  them,  through  almost  the  whole 
length  of  each  leaf-stalk.  Examining  these  tubes  more  minutely, 
I  found  that  they  were  surrounded  with  others,  which  were  free 
from  colour,  and  appeared  to  be  conveying,  in  one  direction  or 
the  other,  a  different  fluid.  On  tracing  these  downwards,  I  dis- 
covered that  they  entered  the  inner  bark,  and  had  no  immediate 
communication  with  the  tubes  of  the  wood.    I  now  endea- 
voured, in  the  same  manner,  to  trace  back  those  vessels  which 
had  carried  the  infusions  into  the  leaves;  and  I  readily  found 
them  to  be  perfectly  distinct  from  the  common  tubes  of  the  al- 
burnum. They  commence  a  few  inches  below  the  leaf  to  which 
they  belong ;  and  they  become  more  numerous  as  they  approach 
it ;  every  where  surrounding  the  medulla  in  bundles,  as  repre- 
sented in  Plate  XXIV.    To  these  vessels,  the  spiral  tubes 
are  every  where  appendages.  I  do  not  know  that  any  specific 
name  has  been  given  to  these  vessels ;  and  therefore,  as  they  con- 
stitute a  centre,  round  which  the  future  alburnum  is  formed  in 
the  succulent  annual  shoot,  I  will  call  them  the  central  vessels, 
to  distinguish  them  from  the  spiral  tubes  and  the  common  tubes 
of  the  wood.    In  Plates  XXV.  and  XXVI.  the  direction  of 
these  vessels,  with  the  spiral  tubes,  in  their  passage  from  the 
sides  of  the  medulla  to  the  leaf-stalk,  is  delineated  in  a  transverse 
and  longitudinal  section :  they  extend  to  the  extremities  of  the 
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leaf,  where  I  believe  they  terminate.  Plate  XXVII.  presents 
two  sections  of  the  leaf-stalk  of  the  horse-chesnut ;  the  first  be- 
ing taken  from  the  middle  of  the  stalk ;  and  the  second  from  its  , 
base.  Lying  parallel  with,  and  surrounding  the  abovementioned 
vessels,  appear  other  vessels,  which  I  conclude  return  the  sap 
to  the  tree ;  for,  when  a  leaf  was  cut  off  which  had  imbibed  a 
coloured  infusion,  I  found  that  the  native  juices  of  the  plant 
flowed  from  these  vessels,  apparently  unaltered,  as  has  been 
remarked  by  Dr.  Darwin.  These  vessels  descend  through  the 
inner  bark,  (as  delineated  in  Plates  XXIV.  XXV.  and  XXVI.) 
and  appear  to  extend  from  the  extremities  of  the  leaves  to  the 
points  of  the  roots. 

The  whole  of  the  fluid,  which  passes  from  the  wood  to  the 
leaf,  seems  to  me  evidently  to  be  conveyed  through  a  single 
kind  of  vessel ;  for  the  spiral  tubes  will  neither  carry  coloured 
infusions,  nor  in  the  smallest  degree  retard  the  withering  of  the 
leaf,  when  the  central  vessels  are  divided.  But  the  annexed 
figures  appear  to  point  out  at  least  two  kinds  of  returning  ves- 
sels. And  I  think  it  by  no  means  improbable  that  two  kinds 
exist,  with  distinct  offices;  for  there  is  a  new  layer  of  alburnum, 
and  a  new  internal  bark,  to  be  formed.  I  have,  however,  seen 
it  asserted  somewhere,  in  the  writings  of  Linnaeus,  and  other 
naturalists,  that  the  internal  bark  is  annually  converted  into 
alburnum.  But  this  is  totally  erroneous ;  and  a  vigorous  shoot 
of  the  apple-tree  often  presents  in  its  transverse  sections,  when 
three  or  four  years  old,  as  many  layers  in  its  bark,  each' of 
which  once  formed  its  internal  vascular  lining. 

As  the  bark  appeared  to  me  now  to  receive  its  nutrition 
through  the  leaf,  I  wished  to  see  what  effect  would  be  produced 
by  gradually  reducing  the  quantity  of  the  leaves.  I  had  a  luxu- 
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riant  shoot  of  the  vine  in  my  vinery,  exactly  in  the  stage  of  growth 
I  wanted ;  and  this  branch  therefore  was,  towards  its  point,  every 
day  deprived  of  a  small  portion  of  its  leaf.  The  bark,  in  conse- 
quence, became  shrivelled  and  dry ;  and  at  length  the  buds  be- 
low vegetated ;  and  the  point  of  the  shoot  died,  apparently  for 
want  of  nourishment.  I  here  observed,  as  I  had  frequently  done 
before,  that  almost  the  whole  action  of  each  leaf  lies  between 
itself  and  the  root ;  for  the  branch,  in  this  case,  was  perfectly 
well  fed  below  the  uppermost  unmutilated  leaf,  but  failed  im- 
mediately above  it. 

Every  branch  in  which  I  had  yet  attempted  to  trace  the  pro- 
gress of  the  sap  having  contained  its  medulla  uninjured,  the 
action  of  that  substance  next  engaged  my  attention,  and  I  made 
the  following  experiments  on  the  vine.  Having  made  a  passage 
about  half  an  inch  long,  and  a  line  wide,  into  a  strong  succulent 
shoot  of  this  plant,  I  totally  extracted  its  medulla,  as  far  as  the 
orifice  I  had  made  would  permit  me.  But  the  shoot  grew  nearly 
as  well  as  the  others,  whose  medulla  had  remained  uninjured ; 
and  the  wound  soon  healed.  Making  a  similar  passage,  but  of 
greater  length,  so  that  part  extended  above,  and  part  below,  a 
leaf  and  bud,  I  again  extracted  the  medulla.  The  leaf  and  bud, 
with  the  lateral  shoot  annexed,  (in  the  vine,)  continued  to  live, 
and  did  not  appear  to  suffer  much  inconvenience ;  but  faded  a 
little  when  the  sun  shone  strongly  on  them. 

I  was  now  thoroughly  satisfied,  that  the  medulla  was  not 
necessary  to  the  progression  of  the  sap ;  but  I  wished  to  see 
whether  the  wood  and  leaf  could  execute  their  office  when  de- 
prived at  once  of  the  bark  and  medulla.  With  this  view,  I 
made  two  circular  incisions  through  the  bark,  above  and  below 
a  leaf;  and  I  took  off  the  whole  of  the  bark  between  them, 
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except  a  small  portion  round  the  base  of  the  leaf.  Having  then 
perforated  the  wood,  where  I  made  each  of  my  incisions  through 
the  bark,  I  destroyed  the  medulla  in  each  place,  as  in  the  pre- 
ceding experiments.  The  leaf,  however,  continued  fresh  and 
vigorous;  and  a  thin  layer  of  new  wood  was  formed  round  its 
base,  as  far  as  the  bark  had  been  suffered  to  remain. 

Whilst  I  was  waiting  the  result  of  the  preceding  experiments, 
I  made  a  few  efforts  to  discover  another  branch  of  circulation, 
namely,  that  which  takes  place  within  the  fruit,  and  conveys  nou- 
rishment to  the  future  offspring.  My  experiments  were  here, 
however,  confined  almost  entirely  to  two  species  of  fruit,  the 
apple  and  the  pear ;  and,  therefore,  as  the  organization  of  diffe- 
rent fruits  is  evidently  different,  I  do  not  consider  my  observa- 
tions such  as  can  throw  much  general  light  on  the  subject.  Ex- 
amining the  fruit-stalks  of  the  apple,  the  pear,  the  vine,  and  some 
other  fruit-trees,  I  found  their  organization  to  be  nearly  similar 
to  that  of  the  branch  from  which  they  sprang,  and  to  consist  of 
the  medulla,  the  central  tubes,  a  very  small  portion  of  wood,  the 
spiral  tubes  and  those  of  the  bark,  and  the  two  external  skins. 
Tracing  the  progress  of  these  in  the  full-grown  fruits  of  the 
apple  and  pear,  I  found,  as  Linnaeus  has  described,  that  the 
medulla  appeared  to  end  in  the  pistilla.  The  central  vessels 
diverged  round  the  core,  and,  approaching  each  other  again 
in  the  eye  of  the  fruit,  seemed  to  end  in  ten  points  at  the  base 
of  the  stamina,  to  which  I  believe  they  give  existence.  The 
spiral  tubes,  which  are  in  all  other  parts  appendages  to  these 
vessels,  I  could  not  trace  beyond  the  commencement  of  the 
core ;  but,  as  the  vessels  themselves  extend  through  the  whole 
fruit,  it  is  probable  that  the  spiral  tubes  may  have  escaped  my 
observation.   Linn^us  supposes  the  stamina  to  arise  from  the 
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wood.  I  should  not  venture  to  state  an  opinion  in  opposition 
to  his;  but  I  believe  he  has  not  any  where  distinguished 
those  I  call  the  central  vessels,  from  the  common  tubes  of  the 
wood. 

Having  hitherto  found  that  all  advancing  fluids  appeared  to 
pass  either  along  the  tubes  of  the  alburnum,  or  along  the  cen- 
tral vessels,  I  had  little  doubt  that  the  fruit  was  fed  through  the 
latter;  but  my  efforts  to  ascertain' this,  in  the  autumn  of  1799, 
were  not  successful.  In  the  last  spring,  I  was  more  fortunate. 
Placing  small  branches  of  the  apple,  the  pear,  and  the  vine, 
with  blossoms  not  yet  expanded,  in  a  decoction  of  logwood,  I 
found  that  the  colouring  matter  readily  passed  up  the  central 
tubes  of  the  fruit-stalks  of  all ;  and,  in  the  apple  and  pear,  I  easily 
traced  it,  through  the  future  fruit,  to  the  base  of  the  stamina. 
The  office  of  the  tubes  in  the  bark  did  not  appear  in  this  expe- 
riment ;  but,  as  I  have  reason  to  believe  the  motion  of  the  sap 
in  the  bark  to  be  always  retrograde,  I  am  disposed  to  conclude 
that  it  is  so  here,  and  that,  through  the  bark  of  the  stalk,  any 
superfluous  humours  existing  in  the  fruit,  from  excessive  humi- 
dity of  weather,  or  other  cause,  is  carried  back,  and  absorbed 
by  the  tree.  I  have,  however,  very  frequently  repeated  an  ex- 
periment on  the  vine,  which,  I  think,  evidently  proves  that  the 
fluid  returned  (if  any)  is  essentially  different  from  that  which 
is  derived  from  the  leaf.  In  the  culture  of  this  fruit,  I  have  fre- 
quently pinched  off  the  young  shoot,  immediately  above  a  bunch, 
as  soon  as  the  latter  became  visible  in  the  spring,  letting  the 
leaf  opposite  the  bunch  remain.  In  this  case,  the  wood  below 
the  upper  leaf  acquired  nearly  its  proper  length  and  substance. 
But,  when  I  have  taken  off  that  leaf,  the  wood  between  the 
bunch  and  the  next  leaf  below,  has  ceased  to  elongate ;  and  has 
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.remained,  in  form  and  substance,  similar  to  the  small  fruit-stalk 
attached  to  it. 

I  was  long  at  a  loss  to  conjecture  by  what  means  nutrition 
•was  conveyed  to  the  seeds  of  the  apple  and  pear ;  for  I  had  rea- 
son to  believe  that  it  was  not  done  by  the  medulla ;  and  I  had 
previously  ascertained  that  the  seeds  would  derive  nourishment 
from  the,  pulp,  when  the  fruit  was  taken  prematurely  from  the 
tree.  At  length,  in  a  large  apple,  which  was  just  beginning  to 
decay,  I  found  a  number  of  minute  vessels,  leading  from  the 
pulp  to  the  tubes  which  originally  constituted  the  lower  parts 
of  the  pistilla,  and  to  which  the  seeds  are  attached.  These  now 
appeared  to  me  evidently  to  be  the  channels  of  nutrition  to  the  > 
seeds ;  and,  since  I  have  known  what  1  have  to  look  for,  I  find 
these  vessels  sufficiently  visible  in  every  apple :  there  are,  how- 
ever, five  other  tubes,  which  pass  along  the  external  edges  of 
the  cells  of  the  core,  to  which  I  do  not  venture  to  assign  an 
office.  It  appears  to  me  not  very  improbable,  that  the  internal 
organization  of  this  fruit  will  be  found  to  bear  some  resemblance 
to  the  placenta  and  umbilical  cord  of  the  animal  economy.  If 
transverse  and  longitudinal  sections  of  young  apples  and  pears 
be  made,  soon  after  the  blossom  has  fallen,  the  pulp  will  appear 
to  be  of  two  kinds ;  one  of  which  is  included  within  the  vessels 
which  carry  up  coloured  infusions ;  and  this  seems  to  be  formed 
by  continuation  of  the  vessels  and  fibres  within  the  wood.  The 
other  part  appears  to  belong,  in  a  great  measure,  to  the  bark : 
it  is  in  very  small  quantity  in  the  very  young  fruit ;  but,  at  its 
maturity,  it  constitutes  much  the  greater  part  of  the  pulp.  The 
vessels,  however,  which  diverge  into  the  external  pulp,  and  pro- 
bably convey  nourishment  to  it,  appear  to  be  continuations  of 
the  central  vessels,  every  where,  I  believe,  accompanied,  as  in 
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the  leaf,  with  minute  ramifications  of  the  tubes  of  the  bark. 
The  substance  of  the  core  is  similar  to  that  of  the  silver  grain  of 
the  wood,  of  which  it  may  possibly  be  a  continuation. 

The  force  with  which  the  sap  has  been  proved  to  ascend,  by 
Hales,  banishes  every  idea  of  mere  capillary  attraction.  The 
action  of  the  spiral  tubes  appears  much  more  adequate  to  the 
effects  produced;  and  I  readily  admit  the  supposed  action  of 
these,  wherever  they  are  found ;  but  I  have  so  often  attentively 
searched  in  vain  for  them,  with  glasses  of  different  powers,  in 
the  root,  in  the  alburnum,  and  in  the  bark,  that  I  cannot  but 
question  their  existence  in  those  parts.  Attached  to  the  central 
vessels,  in  the  annual  shoot,  in  the  fruit-stalk  of  different  trees, 
in  the  tendril  of  the  vine,  in  the  leaf,  and  in  the  seed,  the  spiral 
tubes  certainly  exist,  and  are  in  most  cases  visible,  without  the 
aid  of  a  lens.  But,  as  I  have  not  been  able  to  discover  them  in 
other  parts  of  the  tree,  and  as  the  different  authors  I  have  looked 
into  have  not  distinguished  those  I  call  the  central  vessels  from 
the  common  tubes  of  the  alburnum,  nor  marked  the  difference 
in  the  organization  of  the  annual  branch,  and  annual  root,  I 
must  venture  to  call  their  accuracy  here  in  question,  though 
with  great  deference  for  their  opinions. 

Linnjeus  and  others  have  attempted  to  account  for  the  as- 
cent of  the  sap,  by  the  expansion  of  the  fluids  within  the  vessels 
of  the  plant,  by  the  agency  of  heat.  But  the  sap  rises  under  a 
decreasing,  as  well  as  under  an  increasing  temperature,  during 
the  evening  and  night,  (if  it  be  not  excessively  cold)  as  well  as 
in  the  morning  and  at  noon ;  and  it  is  sufficiently  evident,  that 
the  heat  applied  to  the  branches  of  a  vine  within  the  stove,  can- 
not expand  the  fluids  in  the  stems  and  roots,  which  grow  on  the 
outside.  It  is  also  well  known,  that  the  degree  of  heat  required 
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pends  on  that  to  which  the  plant  has  been  previously  accus- 
tomed. Thus,  a  vine  which  has  grown  all  the  summer  in  the 
heat  of  a  stove,  will  not  be  made  to  vegetate  during  the  winter 
by  the  heat  of  that  stove  :  but,  if  another  plant  of  the  same  va- 
riety, which  has  grown  in  the  open  air,  be  at  any  time  intro- 
duced, after  it  has  dropped  its  leaves  in  the  autumn,  it  will 
instantly  vegetate.  This  effect  appears  to  me  to  arise  from  the 
latter  plant's  possessing  a  degree  of  irritability,  which  has  been 
exhausted  in  the  former,  by  the  heat  of  the  stove,  but  which  it 
will  acquire  again  during  the  winter,  or  by  being  drawn  out, 
and  exposed  for  a  short  time  to  the  autumnal  frost.  On  the 
same  principle,  we  may  point  out  the  cause  why  seedling  plants 
always  thrive  better  in  the  spring  than  in  the  autumn,  though 
the  weather  be  apparently  less  favourable.  In  the  former  sea- 
son, the  stimulus  of  heat  and  light  is  gradually  becoming  greater 
than  that  to  which  the  plant  has  been  accustomed ;  in  the  latter 
season,  it  becomes  gradually  less. 

There  is  another  circumstance  attending  trees  that  have  been 
made  to  blossom  early  in  the  preceding  spring,  which  has  always 
appeared  to  me  an  extremely  interesting  one.  If  a  peach-tree, 
for  example,  be  brought  into  blossom  in  one  season  in  the  be- 
ginning of  February,  by  artificial  heat,  it  will  spontaneously 
shew  strong  marks  of  vegetation  at  the  approach  of  that  season 
in  the  succeeding  year ;  and,  if  it  be  not  well  protected,  it  will 
expose  its  blossoms  to  almost  inevitable  destruction.  I  do  not 
see  any  cause  to  which  this  effect  can  be  attributed,  except  to 
the  accumulated  irritability  of  the  plant. 

That  heat  is  the  remote  cause  of  the  ascent  of  the  sap,  cannot 
I  think  be  doubted ;  and  perhaps  frequent  variations  of  it  are, 
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in  some  degree,  requisite;  (for  plants  have  always  appeared  to 
me  to  thrive  best  with  moderate  variations  of  temperature ;)  but 
the  immediate  cause  will,  I  think,  be  found  in  an  intrinsic  power 
of  producing  motion,  inherent  in  vegetable  life ;  and  I  hope  to 
be  able  to  point  out  an  agent,  by  which  the  mechanical  force 
required  may  possibly  be  given. 

There  is,  you  know,  in  every  kind  of  wood,  what  workmen 
call  its  grain,  consisting  of  two  kinds,  the  false  or  bastard,  and 
the  true  or  silver  grain.  The  former  consists  of  those  concentric 
circles  which  mark  the  annual  increase  of  the  tree;  and  the 
latter  is  composed  of  thin  laminae,  diverging  in  every  direction 
from  the  medulla  to  the  bark,  having  little  adhesion  to  each 
other  at  any  time,  and  less  during  the  spring  and  summer,  than 
in  the  autumn  and  winter;  whence  the  greater  brittleness  of 
wood  in  the  former  seasons.  These  laminae  (which  are  of 
different  width  in  different  kinds  of  wood)  lie  between,  and 
press  on,  the  sap-vessels  of  the  alburnum  :  they  are  visible  in 
every  wood  that  I  have  had  an  opportunity  to  examine,  except 
some  of  the  palm  tribe ;  and  these  appear  to  me  to  have  pecu- 
liar organs,  to  answer  a  similar  purpose.  If  you  will  examine  a 
piece  of  oak,  you  will  find  the  laminae  I  describe;  and  that  every 
tube  is  touched  by  them  at  short  distances,  and  slightly  diverted 
from  its  course.  If  these  are  expansible  under  changes  of  tempe- 
rature, or  from  any  cause  arising  from  the  powers  of  vegetable 
life,  I  conceive  that  they  are  as  well  placed  as  is  possible,  to 
propel  the  sap  to  the  extremitiesof  the  branches;  and  their  restless 
temper,  after  the  tree  has  ceased  to  live,  inclines  me  to  believe, 
that  they  are  not  made  to  be  idle  whilst  it  continues  alive. 

I  shall  at  present  confine  my  observations  to  the  English 
oak,  though  the  same  are  applicable,  in  a  greater  or  less  degree, 


Digitized  by  Google 


the  Ascent  of  the  Sap  in  Trees.  34,5 

to  every  other  kind  of  wood.  In  sawing  this  tree  into  boards, 
it  is  usual  to  cut  it,  as  much  as  possible,  into  what  are  called 
quarter  boards ;  which  are  so  named  because  the  tree  is  first  cut 
into  quarters.  In  a  perfect  board  of  this  kind,  the  saw  exactly 
follows  the  direction  in  which  the  tree  most  readily  divides  when 
cloven :  in  this  case,  the  laminae  of  the  silver  grain  lie  parallel 
with  the  surface  of  the  board ;  and  a  board  thus  cut,  when  pro- 
perly laid  in  the  floor,  is  rarely  or  never  seen  to  deviate  from 
its  true  horizontal  position.  If,  on  the  contrary,  one  be  sawed 
across  the  silver  grain,  it  will,  during  many  years,  be  incapable 
of  bearing  changes  of  temperature,  and  of  moisture,  without  be- 
ing warped;  nor  will  the  strength  of  numerous  nails  be  suffi- 
cient entirely  to  prevent  the  inconvenience  thence  arising.  That 
surface,  of  a  board  of  this  kind,  which  grew  nearest  the  centre  of 
the  tree,  will  always  shew  a  tendency  to  become  convex,  and 
the  opposite  one  concave,  if  placed  in  a  situation  where  both 
sides  are  equally  exposed  to  heat  and  moisture.  You  may  pro- 
bably have  observed,  that  when  an  oak  has  been  deprived  of  its 
bark,  and  exposed  to  the  sun  and  air,  its  surface  has  been  every 
where  covered  with  small  clefts.  These  are  always  formed  by 
the  lam i nse  of  the  silver  grain  having  parted  from  each  other; 
and  they  will  long  continue  to  open  and  close  again  with  the 
changes  of  the  weather.  In  the  last  summer,  I  very  frequently 
placed  pieces  of  oak,  recently  deprived  of  its  bark,  in  a  situation 
where  it  was  fully  exposed  to  the  sun,  but  defended  from  rain, 
The  surface  of  the  tree,  in  a  few  hours,  presented  a  great  num- 
ber of  small  clefts,  into  which  I  put,  in  the  middle  of  the  day, 
the  points  of  small  iron  pins.  Examining  these  late  in  the  even- 
ing, I  found  that  the  wood  closed  so  much  as  to  hold  them 
firmly ;  and,  early  in  the  next  morning,  they  were  not  easily 
mdccci.  Y  y 
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withdrawn ;  but,  as  the  influence  of  the  sun  increased,  the  clefts 
again  gradually  opened,  as  in  the  preceding  day,  and  the  pins 
always  dropped  out.  I  could  never  discover  that  any  weight 
was  gained  by  the  wood  during  the  night;  but  I  was  not  pro- 
vided with  a  balance  of  proper  sensibility  to  ascertain  this  point. 
This  experiment  was  frequently  repeated,  and  always  with  pre- 
cisely the  same  result.  After  long  exposure  to  the  air  and 
light,  the  wood  loses  this  property. 

If  the  motion  I  have  supposed  the  silver  grain  to  possess,  in 
the  living  tree,  be  more  than  you  think  can  properly  be  admitted 
to  belong  to  vegetable  life,  I  will  request  your  attention  to  the 
power  of  moving  in  the  vine-leaf,  on  which  I  have  made  many 
experiments.  It  is  well  known  that  this  organ  always  places 
itself  so  that  the  light  falls  on  its  upper  surface ;  and  that,  if 
moved  from  that  position,  it  will  immediately  endeavour  to  re- 
gain it ;  but,  the  extent  of  the  efforts  it  will  make,  I  have  not  any 
where  seen  noticed.  I  have  very  frequently  placed  the  leaf  of 
a  vine  in  such  a  position,  that  the  sun  has  shone  strongly  on 
its  under  surface ;  and  I  have  afterwards  put  obstacles  in  its  way, 
on  whichever  side  it  attempted  to  escape.  In  this  position,  the 
leaf  has  tried  almost  every  method  possible  to  turn  its  proper 
surface  to  the  light ;  and  I  have  several  times  seen  one  which, 
having  tried  during  several  days  to  approach  the  light  in  one  di- 
rection, and  having  nearly  covered  its  under  surface,  by  bending 
its  angular  points  almost  to  touch  each  other,  has  unfolded  itself 
again,  and  receded  farther  from  the  glass,  to  approach  the  light 
in  an  opposite  direction.  As  the  whole  effect  here  produced  ap- 
pears to  arise  merely  from  the  light  falling  on  the  under  surface 
of  the  leaf,  I  cannot  conceive  how  the  contortions  of  its  stalk, 
in  every  direction,  can  be  accounted  for,  without  admitting,  not 
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only  that  the  plant  possesses  an  intrinsic  power  of  moving,  but 
that  it  also  possesses  some  vehicle  of  irritation ;  and,  without  this, 
it  will  I  think  be  difficult  to  explain  how  the  heat  applied  to  the 
branch  of  the  vine,  within  the  stove,  can  put  the  sap  in  the  roots 
and  external  stem  into  motion.  It  may  be  objected,  that  these 
are  always  ready,  when  the  branch  calls  for  nourishment ;  and 
that  they  are  no  way  affected  by  the  internal  heat.  But  this  I 
cannot  admit  to  be  the  case ;  because  I  have  found  that  the  stem 
suddenly  becomes  extremely  susceptible  of  injury  from  cold,  as 
soon  as  the  branch  begins  to  vegetate;  and  that  its  whole  powers 
will  be  paralyzed  for  some  days,  by  exposure  for  a  few  hours  to 
a  freezing  temperature. 

I  have  had  very  frequent  opportunities  of  observing  a  remark* 
able  power  in  trees,  of  transferring  their  sap  from  one  tube  to 
another;  for  I  have  often  intersected,  in  the  trunk,  every  tube 
which  led  to  a  lateral  branch,  and  still  this  branch  has  derived 
a  considerable  portion  of  nourishment  from  the  trunk.  And,  if 
the  tubes  of  an  annual  shoot  of  the  oak  he  traced  downwards 
in  the  autumn,  they  will  be  found  to  pass  along  the  layer  of 
wood  of  the  preceding  summer,  without  any  apparent  commu- 
nication  between  them  and  the  tubes  of  any  former  year's 
growth.  Yet  the  sap  rises  through  the  whole  of  the  white 
wood;  and  it  must  be  transferred  from  the  internal  tubes  to 
those  near  the  surface,  which  alone  appear  to  communicate 
with  the  central  tubes  of  the  young  shoots  and  leaves.  Indeed 
we  have  frequent  evidence  that  trees  possess  this  power;  for 
we  see  that  the  whole  sap  of  the  stock  is  carried  into  an  inserted  « 
bud  or  graft. 

I  at  one  time  suspected,  that  a  small  portion  of  sap,  in  its 
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descent  from  the  leaves,  had  been  carried  down  by  the  wood, 
through  my  incisions,  in  the  preceding  experiments  on  the  crab- 
tree;  because  I  observed  a  very  small  increase  in  size,  in  the 
lower  part  of  the  stocks  ;  which,  I  think,  could  not  have  taken 
place  without  some  matter  derived  from  the  leaves.  But  subse- 
quent observation  induces  me  to  believe,  that  the  small  quantity 
of  additional  matter  found  in  the  lower  part  of  the  stock  came 
from  a  different  source.   In  those  experiments,  I  paid  little  at- 
tention to  any  small  shoots  which  sprang  from  the  trunk  at 
some  distance  below  the  incisions ;  and  the  buds  which  usually 
began  to  vegetate  about  Midsummer,  were  not  always  rubbed 
off,  till  some  minute  leaves  appeared.  Through  these,  I  now  be- 
lieve that  a  small  quantity  of  sap  was  thrown  into  the  bark,  and 
carried  up  through  its  tubes,  by  capillary  attraction,  when  the 
current  from  above  was  intercepted.   For  the  increase  of  size 
in  the  stock  always  diminished,  as  it  ascended  towards  the  in- 
cision ;  which,  I  think,  would  not  have  been  the  case,  had  it 
been  produced  by  nourishment  descending  from  the  upper  parts 
of  the  tree. 

Nothing  has  occurred,  in  the  preceding  experiments,  to  throw 
much  light  on  the  office  of  the  medulla,  to  which  Linnaeus  and 
subsequent  writers  have  annexed  so  much  importance;,  but  I 
will  now  endeavour  to  point  out  one  of  its  offices.  In  the  young 
and  succulent  shoot,  this  substance  is  extremely  full  of  moisture; 
and,  as  there  is  an  immediate  communication  between  it  and 
the  leaf,  through  the  central  tubes,  I  conclude  it  forms  a  reser- 
voir, to  supply  the  leaf  with  moisture,  whenever  an  excess  of 
perspiration  puts  that  in  a  state  to  require  it.  Some  reservoir 
of  this  kind  appears  to  .me  to  be  necessary  to  plants;  for  their 
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young  leaves  are  excessively  tender,  and  they  perspire  much, 
and  cannot,  like  animals,  fly  to  the  shade  and  the  brook.  In 
the  mature  annual  branches,  and  in  those  of  more  than  one  year 
old,  the  medulla  is  dry,  and,  I  think,  it  is  evidently  lifeless;  but 
the  space  it  occupies  is  never  filled  with  wood,  as  some  natu- 
ralists have  imagined. 

The  heart  or  coloured  wood,  distinguished  from  the  alburnum, 
seems  to  execute  an  office  somewhat  similar  to  the  bone  in  the 
animal  economy.  The  rigid  texture  of  the  vegetable  fibre,  has 
rendered  this  substance  unnecessary  in  the  young  subject ;  but, 
as  the  powers  of  destruction,  both  jfrom  winds  and  gravity, 
increase  in  a  compound  ratio  with  the  growth  of  the  tree,  some 
stronger  substance  than  the  alburnum  may  be  supposed  to  be 
wanting,  to  support  the  additional  weight  of  fruit  and  seeds.  In 
the  root,  this  substance  cannot  be  wanted,  and  there  it  is  not 
found ;  but,  if  the  mould  be  taken  away  from  the  roots  round 
the  trunk,  so  that  they  are  exposed  to  the  air,  and  made  to 
support  the  weight  of  the  tree,  they  become  as  full  of  coloured 
wood  as  the  trunk  and  large  branches.  Having  cut  through  the 
alburnum  of  an  oak  all  round,  not  the  slightest  mark  of  vege- 
tation appeared  in  the  succeeding  spring:  and,  having  been 
unable  to  impel  either  air  or  water  through  its  tubes,  I  conclude 
that  the  coloured  wood  of  the  oak  is  without  circulation :  I 
see  very  little  reason,  however,  to  admit  that  it  is  without  life,  in 
a  young  or  middle  aged  tree.  The  new  matter  which  enters  into 
the  internal  part  of  the  alburnum,  on  its  conversion  into  heart 
or  coloured  wood,  seems  to  be  of  a  nature  different  from  the 
alburnum  itself;  for  it  not  only  changes  its  colour,  which  is 
nearly  white,  to  a  dark  brown,  but  it  renders  it  at  least  ten  times 
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more  durable.  Some  portion  of  this  increased  durability  may, 
perhaps,  be  attributable  to  the  superior  solidity  of  the  coloured 
wood ;  but,  a  little  attention  to  the  common  kinds  of  English 
timber,  (omitting  the  resinous  tribe,)  will  convince  us  that  these 
qualities,  though  frequently  found  together,  have  very  little  con- 
nection with  each  other.  If  a  number  of  oaks  of  the  same  age 
be  examined,  it  will  be  found  that,  in  some  individuals,  the 
alburnum  consists  of  a  greater  number  of  annual  layers  than  in 
others,  and  that  the  coloured  wood  will  have  approached  nearer 
the  bark  on  one  side  than  on  the  other,  in  the  same  tree ;  the 
termination  also  of  the  coloured  wood,  and  the  commencement 
of  the  alburnum,  are  often  found  in  the  middle  of  an  annual 
layer  of  wood ;  and  each  substance,  at  the  points  of  contact,  pos- 
sesses all  its  characteristic  properties.  The  albumum,  I  think, 
evidently  extends  itself  laterally,  without  any  radicles  descend- 
ing from  the  leaves  or  buds  above.  I  have  often  procured  an 
union,  by  grafting,  between  trees  of  different  kinds,  and  have 
sometimes  found  mere  varieties  of  the  same  species  of  tree, 
whose  wood  was  sufficiently  distinguishable,  in  every  stage  of 
future  growth,  to  allow  me  readily  to  trace  their  line  of  union. 
The  wood  of  the  graft,  does  not  at  all  descend  below  its  original 
place  of  junction  with  that  of  the  stock ;  which,  immediately 
below,  wholly  retains  its  native  character;  and,  in  the  part  where 
both  are  spliced  together,  each  constantly  extends  itself  in  the 
direction  of  the  divergent  laminae  of  its  silver  grain.  The  heart- 
wood  also  appears  to  increase  by  lateral  extension ;  but  I  am 
ignorant  of  the  channels  through  which  the  additional  matter  is 
conveyed  to  it. 

I  will  now  take  the  liberty  to  trespass  on  your  patience,  by 
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stating  a  few  of  the  conclusions  that  I  have  ventured  to  draw 
from  the  foregoing,  and  many  similar  experiments.  As  I  have  not 
been  able  to  find  the  spiral  tubes  any  where,  except  immediately 
surrounding  the  medulla  in  different  parts,  in  the  seed,  and  in 
the  leaf,  and  as  they  every  where  terminate  at  short  distances,  I 
conclude  that  the  sap  is  not  raised  by  their  agency ;  nor  by  the 
central  vessels,  to  which  they  are  appendages ;  for  these  extend 
no  greater  length  downwards  than  the  spiral  tubes,  and  termi- 
nate with  them,  at  the  external  surface  of  that  annual  layer  of 
wood  to  which  they  belong ;  and  they  have  not  any  apparent 
communication  with  the  similar  vessels  of  the  succeeding  year. 
In  the  lower  parts  of  hollow  trees,  they  must  long  have  ceased 
to  exist  at  all;  and,  in  all  trees,  except  very  young  ones,  they 
are  (as  it  were)  ossified  within  the  heart-wood;  and  those  in  the 
annual  shoots  and  buds  are  often  a  hundred  and  fifty  feet  distant 
from  the  roots,  from  which  they  are  supposed  to  raise  the  sap*. 

The  common  tubes  of  the  alburnum,  (which  do  not  appear  to 
me  to  have  been  properly  distinguished  from  the  central  vessels, 
by  the  authors  that  I  have  read,)  extend  from  the  points  of  the 
annual  shoots  to  the  extremities  of  the  roots;  and  up  these 
tubes  the  sap  most  certainly  ascends,  impelled,  I  believe,  by  the 
agency  of  the  silver  grain.  At  the  base  of  the  buds,  and  in  the 
soft  and  succulent  part  of  the  annual  shoot,  the  alburnum,  with 
the  silver  grain,  ceases  to  act,  and  to  exist ;  and  here,  I  believe, 
commences  the  action  of  the  central  vessels,  with  their  appen- 
dages, the  spiral  tubes.  By  these,  the  sap  is  carried  into  the 
leaves,  and  exposed  to  the  air  and  light;  and  here  it  seems 
to  acquire  (by  what  means  I  shall  not  attempt  to  decide)  the 
power  to  generate  the  various  inflammable  substances  that  are 
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found  in  the  plant.  It  appears  to  be  then  brought  back  again, 
through  the  vessels  of  the  leaf  stalk,  to  the  bark,  and  by  that 
to  be  conveyed  to  every  part  of  the  tree,  to  add  new  matter, 
and  to  compose  its  various  organs  for  the  succeeding  season. 
When  I  have  intentionally  shaded  the  leaves,  I  have  found 
that  the  quantity  of  alburnum  deposited  has  been  extremely 
small. 

In  speaking  of  the  circulation  within  the  apple  and  pear,  I 
wish  to  express  myself  with  much  less  decision,  as  I  have  not 
seen  the  effects  of  taking  up  any  of  those  vessels  into  which  the 
coloured  infusions  did  not  enter.  The  internal  organization  of 
the  leaf,  and  of  the  wood,  of  those  trees  which  have  a  central 
medulla,  seems  to  admit  but  of  little  variation,  and  (as  far  as  I 
have  had  opportunities  to  examine)  of  no  essential  difference; 
whilst  that  of  different  fruits  is  extremely  various.  The  external 
vascular  parts  of  the  apple  and  pear,  abstracted  from  those 
which  seem  to  carry  nourishment  to  the  seeds,  appear  to  me  to 
resemble,  in  some  respects,  those  of  the  leaf ;  and,  relative  to 
the  offspring,  I  suspect  that  they  perform  a  somewhat  similar 
office. 

I  do  not  know  how  much  you  will  have  found  in  the  pre- 
ceding narrative,  that  is  new  and  interesting  to  you,  for  I  am 
not  very  deeply  read  in  the  experiments  which  naturalists  have 
made  on  plants.  In  the  authors  I  have  looked  into,  I  have 
seen  many  contradictory  experiments  related,  and  many  con- 
clusions drawn  from  a  small  number  of  facts ;  and  I  have  found 
much  that  does  not  well  agree  with  the  things  that  have  come 
under  my  own  observation.  I  will  therefore  venture  to  indulge 
the  hope,  that  you  will  have  found  enough  that  is  new,  to 
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serve  as  an  apology  for  me,  for  having  taken  up  so  much  of 
your  time. 

I  have  the  honour  to  be,  &c. 

■ 

T.  A.  KNIGHT. 

Elton,  Feb.  22, 1801. 
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XVI.  Additional  Observations  tending  to  investigate  the  Symptoms 
of  the  variable  Emission  of  the  Light  and  Heat  of  the  Sun ; 
with  Trials  to  set  aside  darkening  Glasses,  by  transmitting  the 
Solar  Rays  through  Liquids;  and  a  few  Remarks  to  remove 
Objections  that  might  be  made  against  some  of  the  Arguments 
contained  in  the  former  Paper.  By  William  Herschel,  LL.  D. 
F.R.S. 

Read  May  14,  1801. 

Having  brought  up  the  solar  observations,  relating  to  the 
symptoms  of  a  copious  emission  of  the  light  and  heat  of  the 
sun,  to  the  sd  of  March,  I  give  them  continued  in  this  Paper 
to  the  3d  of  May.  It  will  be  seen,  that  my  expectations  of  the 
continuance  of  the  symptoms  which  I  supposed  favourable  to 
such  emissions,  have  hitherto  been  sufficiently  verified ;  and,  by 
comparing  the  phaenomena  I  have  reported,  with  the  corres- 
ponding mildness  of  the  season,  my  arguments  will  receive  a 
considerable  support. 

I  have  given  the  following  observations  without  delay,  as 
containing  an  outline  of  the  method  we  ought  to  pursue,  in 
order  to  establish  the  principles  which  have  been  pointed  out 
in  my  former  Paper.  But  we  need  not  in  future  be  at  a  loss 
how  to  come  at  the  truth  of  the  current  temperature  of  this 
climate,  as  the  thermometrical  observations,  which  are  now 
regularly  published  in  the  Philosophical  Transactions,  can  fur- 
nish us  with  a  proper  standard,  with  which  the~solar  phasnomena 
may  be  compared.  This  leads  me  to  remark,  that,  although  I 
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have,  in  my  first  Paper,  sufficiently  noticed  the  want  of  a  proper 
criterion  for  ascertaining  the  temperature  of  the  early  periods 
where  the  sun  has  been  recorded  to  have  been  without  spots, 
and  have  also  referred  to  future  observations  for  shewing 
whether  a  due  distribution  of  dry  and  wet  weather,  with  other 
circumstances  whiGh  are  known  to  favour  the  vegetation  of 
corn,  do  or  do  not  require  a  certain  regular  emission  of  the  solar 
beams,  yet,  I  might  still  have  added,  that  the  actual  object  we 
have  in  view,  is  perfectly  independent  of  the  result  of  any  ob- 
servations that  may  hereafter  be  made,  on  the  favourable  or  de- 
fective vegetation  of  grain  in  this  or  in  any  other  climate.  For, 
if  the  thermometer,  which  will  be  our  future  criterion,  should 
establish  the  symptoms  we  have  assigned,  of  a  defective  or  co- 
pious emission  of  the  solar  rays,  or  even  help  us  to  fix  on  diffe- 
rent ones,  as  more  likely  to  point  out  the  end  we  have  in  view,  we 
may  leave  it  entirely  to  others,  to  determine  the  use  to  which  a 
fore-knowledge  of  the  probable  temperature  of  an  approaching 
Summer,  or  winter,  or  perhaps  of  both,  may  be  applied ;  but  still 
it  may  be  hoped  that  some  advantage  may  be  derived,  even  in 
agricultural  economy,  from  an  improved  knowledge  of  the  na- 
ture of  the  sun,  and  of  the  causes,  or  symptoms,  of  its  emitting 
light  and  heat  more  or  less  copiously. 

Before  I  proceed,  I  must  hint  to  those  who  may  be  willing  to 
attend  to  this  subject,  that  I  have  a  strong  suspicion  that  one 
half  of  our  sun  is  less  favourable  to  a  copious  emission  of  rays 
than  the  other ;  and  that  its  variable  lustre  may  possibly  appear 
to  other  solar  systems,  as  irregular  periodical  stars  are  seen  by 
us ;  but,  whether  this  arises  from  some  permanent  construction 
of  the  solar  surface,  or  is  merely  an  accidental  circumstance, 
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must  be  left  to  future  investigation :  it  should,  however,  be  care- 
fully attended  to. 

OBSERVATIONS  OF  THE  SUN. 

March  4, 1801.  I  viewed  the  sun  with  a  skeleton  eye-piece, 
into  the  vacancy  of  which  may  be  placed  a  moveable  trough, 
shut  up  at  the  ends  with  well-polished  plain  glasses,  so  that  the 
sun's  rays  may  be  made  to  pass  through  any  liquid  contained 
in  the  trough,  before  they  come  to  the  eye-glass.* 

Through  spirit  of  wine,  I  saw  the  sun  very  distinctly.  There 
are  10  openings  without  shallows ;  and  a  pretty  considerable 
one  with  a  shallow.  The  opening  is  nearly  round;  and  the 
shallow  is  concentric  with  it,  and  also  round.  The  want  of  shal- 
lows about  the  small  openings,  and  the  roundness  of  that  about 
the  largest,  indicate  that  the  elastic  empyreal  gas  which  passes 
through  them,  is  without  side-bias  in  its  motion,  -f 

March  8.  I  viewed  the  sun  through  water.  It  keeps  the  heat 
off  so  well,  that  we  may  look  for  any  length  of  time,  without 
the  least  inconvenience.  There  are  a  few  openings,  many  ridges 
and  nodules. 

March  9.  The  ridges  near  the  preceding  limb  are  more  ex- 
tensive than  I  have  ever  seen  them ;  there  is  a  broad  zone  of 
them. 

March  12.  There  is  a  cluster  of  20  small  openings ;  none  of 
them  have  any  shallows. 

March  13.  There  are  31  openings  in  the  cluster  of  yesterday : 

•  See  Plate  XXVIII.  Fig.  i  and  2. 

f  See  page  281  of  my  last  Paper,  «« Probable  Cause  of  Shallows and  page  301, 
"  The  solar  Atmosphere,  like  ours,*'  Sec. 
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they  are  contained  in  a  double  row,  nearly  parallel  to  the  sun's 
equatorial  motion ;  the  largest  of  them  has  now  a  shallow  of  a 
considerable  size,  on  its  north  following  side. 

The  number  of  small  openings  near  each  other,  indicates  a 
perpendicular  ascent  of  the  empyreal  gas  that  breaks  through 
the  atmospheric  clouds ;  and  their  want  of  shallows  shews  the 
same  thing. 

March  15.  The  set  of  openings  which  began  to  ertter  on  the 
8th,  consists  now  of  29.  There  are  3  other  small  openings  in 
different  parts  of  the  sun. 

March  16.  There  is  an  opening  lately  entered.  The  cluster 
of  yesterday  has  undergone  considerable  changes. 

March  18.  The  opening  of  the  16th  consists  now  of  8  diffe- 
rent ones ;  none  of  them  have  any  shallows. 

The  whole  space  about  the  cluster  of  the  8th,  is  surrounded 
with  luminous  ridges  in  many  directions. 

The  corrugations  all  over  the  sun  are  beautiful,  and  coarse ; 
resembling  small  nodules  joined  together  like  irregular  honey- 
comb. 

In  a  multitude  of  places,  the  corrugations  are  quite  detached, 
like  luminous  wisps,  or  slender  tufts,  standing  upright. 

March  19.  Another  set  of  ridges  has  entered  the  disk ;  it 
contains  one  opening. 

The  corrugations  are  rich,  and  may  be  called  luminous  wisps, 
being  much  disjoined,  except  at  their  bottom ;  they  are  so  rich, 
that  they  partake  of  the  yellowish  colour  of  the  ridges. 

The  northern  ridges  extend  a  good  way  into  the  disk,  like  a 
zone. 

March  21.  There  are  five  sets,  containing  29  openings,  none 
of  which  have  any  shallows. 
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At  equal  distances  from  the  limb,  the  corrugations  are  equally 
coarse  ail  over  the  disk  of  the  sun. 

March  22.  An  additional  opening,  with  surrounding  ridges, 
has  lately  entered  the  north-following  limb.  I  counted  21 
openings. 

March  31.  An  opening  very  near  the  preceding  limb  is  sur- 
rounded by  a  shallow,  which  is  bordered  by  a  luminous  ridge 
all  round  it.  The  opening  itself  is  also  bordered  by  an  elevated 
edge,  which  is  nearly  as  high  as  the  general  surface  of  the  cor- 
rugations ;  but  not  so  high  as  that  which  borders  the  shallow, 
and  stands  above  the  general  surface. 

April  1, 1  ih  30'.  I  saw  the  opening  of  yesterday  go  out  of  the 
limb :  it  was  the  only  one  left. 

2h  o'.  The  sun  is  now  without  any  openings ;  but  the  corruf 
gations  are  very  luminous  and  rich. 

April  2.  A  considerable  opening  has  entered  the  disk,  accom- 
panied with  ridges.  From  its  present  situation,  I  conclude  it 
must  have  entered  not  long  after  my  last  observation  yesterday. 

The  sun  is  very  rich  in  luminous  corrugations,  interspersed 
with  bright  nodules  towards  the  south  pole. 

April  4.  There  are  4  considerable  openings,  and  many  ridges, 
as  well  as  nodules,  on  the  south  and  north  preceding  and  follow- 
ing limbs. 

The  north-preceding  ridges  extend  into  the  sun,  till  I  can  no 
longer  distinguish  them ;  and  begin  again  at  the  north-following 
side,  as  far  as  they  generally  can  be  seen  from  the  limb ;  so  that 
there  is  probably  a  whole  zone  across  the  disk.  Where  I  lose 
them,  they  are  generally  converted  into  tufted,  rich,  coarse  cor- 
rugations, such  as  the  sun  is  now  every  where  covered  with. 

April  6.  There  are  many  ridges  and  rich  corrugations ;  but  I 
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can  perceive  no  opening.  The  air  is  not  clear  enough  to  discover 
very  small  ones. 

April  8.  A  cluster  of  7  small  openings  is  visible;  and  many 
ridges. 

April  10.  Five  sets  contain  32  openings.  The  sun  is  full  of 
rich  tufted  corrugations. 

April  17.  Two  sets  of  openings  contain  20  of  them. 

April  19.  I  count  45  openings.  The  corrugations  are  ex- 
tremely rich.  The  whole  solar  surface  seems  to  be  studded  with 
nodules.  There  are  probably  two  belts  of  ridges  across  the  sun's 
disk ;  for,  on  the  preceding  side,  as  well  as  on  the  following, 
I  see  two  ends  of  belts  of  ridges  very  plainly,  extending  over  all 
the  space  where  these  phaenomena  can  be  seen. 

April  20.  The  whole  surface  of  the  sun  is  rich :  the  corruga- 
tions are  tufted.  I  count  more  than  50  openings ;  many  of  them 
have  considerable  shallows  about  them. 

April  23,  6h.  There  are  above  60  openings  in  the  sun.  The 
last  set  is  much  towards  the  sun's  north  pole;  very  rich  in  ridges, 
and  disturbed  neighbouring  surface. 

April  24.  I  count  above  50  openings.  The  corrugations  seem 
to  be  closer  than  they  were  yesterday. 

April  26.  I  viewed  the  sun  through  Port  wine,  and  without 
smoke  on  the  darkening  glasses;  but  distinctness  was  much 
injured. 

April  37.  I  count  39  openings.  Many  ridges  and  rich  cor- 
rugations. 

April  29.  Six  different  sets  contain  24  openings.  There  are 
many  sets  of  ridges  and  rich  corrugations. 

4h.  I  viewed  the  sun  through  a  mixture  of  ink  diluted  with 
water,  and  liltred  through  paper.  It  gave  an  image  of  the  sun 
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as  white  as  snow;  and  I  saw  objects  very  distinctly,  without 
darkening  glasses. 

As  one  of  the  largest  openings  had  a  considerable  shallow,  I 
found,  in  viewing  it  through  this  mixture,  that  the  difference 
between  what  I  suppose  to  be  the  light  reflected  from  opaque, 
and  the  direct  light  of  empyreal  clouds,  is  now  more  striking 
than  I  ever  had  observed  it  before. 

The  ridges,  through  this  composition,  appear  whiter  than  the 
rest  of  the  sun. 

The  tops  of  the  corrugations  are  whiter  than  their  indenta- 
tions, instead  of  approaching  to  a  yellowish  cast,  as  they  do  in 
my  former  way  of  seeing  through  green  smoked  glasses. 

The  corrugations  are  very  small  and  contracted  to  day. 

Suspecting  that  this  new  way  of  seeing  might  represent 
objects  less  than  they  appear,  when  I  view  them  through  an 
eye-piece  that  gives  them  in  the  manner  I  have  been  used 
to  see  them,  I  put  on  again  the  former  composition;  but 
found  the  corrugations  as  small  and  close  then  as  they  appeared 
before. 

I  count  36  openings. 

When  the  ink  mixture  is  more  diluted,  the  sun's  image  will 
become  tinged  with  purple. 

,  A  solution  of  green  vitriol,  with  a  sufficient  number  of  drops 
of  the  tincture  of  galls  to  stop  as  much  light  as  is  required,  gives 
a  dark  blue  colour  to  the  sun ;  and,  by  dilution  with  water,  a 
light  blue.   It  is  considerably  distinct. 

With  this  composition,  the  corrugations  look  whiter  at  the  top 
than  in  their  indentations. 

The  tincture  of  galls,  with  as  many  drops  of  the  solution  of 
green  vitriol  as  will  turn  it  sufficiently  black  to  stop  light,  makes 
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the  sun  look  of  a  deep  red  colour ;  and,  by  dilution,  the  red  will 
be  paler.  This  composition  is  not  so  distinct  as  the  former. 

May  s.  5b  so'.  There  are  36  openings,  contained  in  six  sets. 

As  I  have  remarked,  March  19th,  April  4th,  and  April  19th, 
that  ridges  are  generally  placed  in  equatorial  zones,  so  I  now 
may  add,  that  the  different  sets  of  openings  have  also  been 
generally  arranged  in  the  same  directions. 

May  3.  nh56'.  Ink  mixture.  There  are  37  openings,  ar- 
ranged in  two  zones.  Four  sets  in  the  southern  zone  contain 
$7,  and  three  sets  in  the  northern  have  10  openings.  Through 
this  mixture,  I  can  observe  the  sun  in  the  meridian,  for  any 
length  of  time,  without  danger  to  the  eye  or  to  the  glasses,  with 
a  mirror  of  nine  inches  in  diameter,  and  with  the  eye-pieces 
open,  as  they  are  used  for  night  observations. 

Slough,  May  4,  1801. 
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Explanation  of  the  Figures.    Plate  XXVIII. 

A  B,  Fig.  1,  is  a  square  trough,  closed  at  the  two  opposite 
ends  C  D,  by  well  polished  plain  glasses.  It  will  hold  any  liquid 
through  which  the  sun's  rays  are  to  be  transmitted.  E  is  a 
small  spout,  and  F  a  handle,  so  that  any  portion  of  the  liquid 
may  conveniently  be  poured  out,  when  the  rest  is  to  be  diluted. 

The  trough  is  made  to  fit  into  the  open  part  of  the  skeleton 
eye-tube,  Fig.  2,  resting  on  the  bottom  G,  and  being  held  in  its 
proper  situation  by  the  sides  H  and  I.  The  end  K,  at  the  time 
of  observation,  is  put  into  a  short  tube  fixed  to  the  Newtonian 
telescope,  and  may  be  turned  about,  so  as  always  to  have  the 
open  part  H  I  horizontal. 

When  the  eye-piece  Fig.  3,  is  screwed,  by  its  end  M,  into 
the  skeleton  tube  at  L,  Fig.  2,  and  the  trough  Fig.  1 ,  with  any 
liquid  to  be  tried,  is  placed  in  the  open  part  G  H  I,  the  sun's 
rays  will  come  from  the  small  mirror  of  the  telescope  to  K,  and, 
passing  through  the  plain  glasses  C  D,  inclosing  the  liquid,  will 
enter  the  eye-piece  M,  and,  after  the  necessary  refractions,  come 
to  the  eye  at  N. 

Any  other,  single  or  double,  eye-pieces,  of  different  magni- 
fying powers,  may  be  screwed  into  L,  instead  of  the  piece 
Fig.  3 ;  and  the  liquid  may  easily  be  tempered  so  as  to  inter- 
cept a  proper  quantity  of  light  to  suit  every  eye-glass  which  is 
in  use,  and  thus  to  render  the  inspection  of  the  sun  perfectly 
convenient. 
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XVII.   On  an  improved  Reflecting  Circle.    By  Joseph  de 
Mendoza  Rios,  Esq.  F.  R.  S. 

Read  June  4,  1801. 

In  Practical  Astronomy  large  instruments  are  useful,  not  only 
to  enable  the  observer  to  read  the  angles  to  a  small  fraction  of 
a  degree,  but  likewise  to  diminish,  in  the  construction,  the  in- 
accuracies which  proceed  both  from  the  errors  of  the  divisions 
and  the  eccentricity  of  the  index.  Frames  of  considerable  di- 
mensions admit  also  the  application  of  telescopes  with  great 
magnifying  powers,  which  is  a  circumstance  of  the  utmost  im- 
portance in  celestial  observations.  As  the  reflecting  instruments 
employed  at  sea  are  supported  by  the  hand,  their  weight  and 
scale  are  limited  within  a  narrow  compass ;  and  it  seemed  very 
difficult  to  obviate,  by  any  expedient,  the  inconveniences  arising 
from  the  smallness  of  their  size,  while  it  was  impossible  to  in- 
crease it.  The  celebrated  Tobias  Mayer  contrived,  however,  a 
method  to  determine,  at  one  reading,  instead  of  the  simple  angle 
observed,  a  multiple  of  the  same  angle;  and,  by  this  means, 
the  instrument  became,  in  practice,  capable  of  any  degree  of 
accuracy,  as  far  as  regards  the  above  mentioned  errors.  His 
invention  is  essentially  different  from  the  mere  repetition  of 
the  observations ;  and  my  object  requires  that  I  should  explain 
the  principle  upon  which  it  is  founded. 

Mr.  Mayer  proposed  to  complete  the  limb  of  the  Sextant, 
making  a  whole  Circle,  with  the  horizon  glass  moveable  round 

3  A  2 


Digitized  by  Gopgle 


364,  Mr.  de  Mendoza  Rios  on 

the  centre,  with  an  additional  index,  which  I  shall  call  the  horizon 
index,  in  order  to  distinguish  it  from  the  centre  index,  to  which 
the  centre  glass  is  attached.  This'instruraent  is  represented  in 
Plate  XXIX.  Fig.  1 ;  and  the  manner  of  using  it  is  as  follows. 
After  the  index  A  is  set  at  o,  (the  beginning  of  the  divisions,) 
the  two  glasses  are  rendered  parallel,  as  is  usually  practised 
with  Hadley's  Quadrant,  by  moving  the  horizon  index  B, 
till  the  horizon  of  the  sea,  (or  the  sun,  or  any  other  object,) 
or  its  direct  image,  and  the  doubly  reflected  image  of  the  same, 
seen  through  the  telescope,  coincide.  After  fixing  the  horizon 
index  in  that  position,  the  centre  index  A  is  to  be  moved,  in 
order  to  measure  the  distance  of  the  two  objects  S  and  L, 
(which  I  shall  suppose  the  sun  and  moon,)  by  bringing  into 
contact  the  doubly  reflected  image  of  the  sun  with  the  direct 
image  of  the  moon,  seen  through  the  telescope.  The  centre 
index  will  then  be  at  M,  and  the  arch  o  M  might  give,  as  in 
the  Sextant,  the  angular  distance  required ;  but  the  construction 
of  the  Circle  renders  it  easy,  in  this  position,  to  effect  again  the 
parallelism  of  the  glasses,  and  to  make  another  observation 
of  the  contact,  in  the  like  manner  as  from  o ;  which  operation 
will  bring  the  centre  index  to  N.  The  index  will  then  give 
o  N,  or  double  the  distance ;  and,  as  it  must  be  divided  by  2,  in 
order  to  have  the  angle  required,  the  errors  of  division  and 
eccentricity,  which,  together,  I  shall  call  the  error  of  the  instru- 
ment, will  be  likewise  reduced  to  one  half.  It  is  obvious,  that 
by  successive  repetitions  of  the  same  process,  triple,  quadruple, 
&c.  the  distance  may  be  obtained,  and  the  said  error  further 
reduced,  in  the  inverse  ratio  of  the  multiplication  of  the  distance, 
to  any  degree  of  approximation  required. 
The  method  of  rendering  the  glasses  parallel,  by  means  of  the 
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horizon  of  the  sea,  is  not  accurate,  on  account  of  the  indistinct- 
ness of  the  images ;  and,  when  the  sun  is  used  for  that  purpose, 
the  observation  becomes  fatiguing  to  the  eye.  The  repetition  of 
that  operation,  by  one  or  the  other  method,  remained  therefore 
a  considerable  inconvenience  attached  to  Mr.  Mayer's  Circle. 
The  author  himself  seems  to  have  been  of  that  opinion,  as  he 
proposed  to  provide  the  instrument  with  a  diagonal  rule,  fixed 
upon  one  of  the  indexes,  so  that  the  other  index  should  touch 
it  when  the  glasses  were  parallel;  but  an  adjustment  of  this 
nature  must  be  subject  to  great  errors,  and  was  never  adopted 
in  practice.  The  Chevalier  de  Borda,  wishing  to  remove  that 
imperfection,  had  the  happy  idea  of  rendering  the  parallelism 
of  the  glasses  unnecessary,  by  substituting  the  observation  of 
the  angular  distance  of  the  two  objects,  to  that  of  the  coincidence 
of  the  images  of  the  same  object.  This  constitutes  the  second 
great  improvement  of  the  Reflecting  Circle,  which  it  is  necessary 
for  me  to  explain,  before  I  proceed  to  the  account  of  my  own 
investigations.  * 

In  Bordas  Circle,  the  telescope  is  fixed  at  some  distance  from 
the  centre,  and  the  horizon  glass  is  carried  near  the  border  of  the 
instrument,  as  in  Plate  XXIX.  Fig.  2.  By  this  arrangement,  the 
rays  of  light  can  arrive  at  the  centre  glass,  both  from  the  hea- 
venly bodies  situated  to  the  right  of  the  horizon  index,  as  S',  and 
from  those  situated  to  the  left,  as  S.  Thus,  if  the  glasses  are  pa- 
rallel to  one  another,  when  the  centre  index  is  at  o,  it  is  obvious 
that  there  are  two  ways  of  making  the  observations.  While  the 

*  It  does  not  belong  to  my  present  plan,  to  explain  the  effect  of  Bo*  da's  improve- 
ment in  correcting  the  errors  which  arise  from  the  want  of  parallelism  in  the  surfaces 
of  the  glasses.  This  will  be  fully  considered  in  another  Paper,  where  I  intend  to  give 
an  account  of  several  investigations  which  I  have  made  upon  that  particular  subject. 
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direct  image  of  the  moon  L  is  seen  through  the  telescope,  the 
angular  distance  to  the  sun,  if  at  S,  may  be  measured  by  moving 
the  centre  index  to  m,  in  order  to  produce  the  contact ;  or,  if  the 
sun  is  at  S',  the  same  operation  may  be  performed,  by  using  the 
contrary  motion  to  m'.  The  first  kind  of  observation,  the  Cheva- 
lier de  Borda  calls  observation  to  the  left ;  and  the  second,  obser- 
vation to  the  right.  Suppose  now,  that  (the  horizon  index  being 
fixed  in  the  same  position)  the  distance  from  L  to  S  is  observed 
to  the  left,  by  bringing  into  contact  the  doubly  reflected  image 
of  S  with  the  image  of  L,  seen  without  reflection ;  let  us  then 
turn  the  instrument  round,  keeping  it  in  the  same  plane,  so  as  to 
have  the  direct  image  of  S  through  the  telescope,  and  thus  make 
an  observation  of  the  same  distance  to  the  right ;  the  position  of 
the  centre  index  being  in  the  first  observation  at  m,  and  in  the 
second  observation  at  m',  it  is  clear,  that  if  o  is  the  point  where 
the  parallelism  of  the  glasses  takes  place,  om  is  equal  to  om'; 
and,  that  the  arch  m  m',  determined  by  the  two  positions,  will 
give  double  the  distance. 

It  will  be  more  convenient  to  have  the  centre  index  at  o,  when 
the  first  observation  is  made,  in  order  to  take  the  double  distance 
at  one  reading,  after  the  second  observation.  For  this  purpose, 
the  first  part  of  the  process  may  be  inverted,  by  previously 
fixing  the  centre  index  at  the  beginning  of  the  divisions,  and 
moving  the  horizon  index  H  towards  o,  instead  of  moving  the 
centre  index  A  to  m,  or  towards  H. 

The  last  kind  of  observation,  in  which  the  incident  ray,  which 
produces  the  first  image  upon  the  centre  glass,  may  be  conceived 
to  run  double  the  angular  distance,  passing  in  its  way  over  the 
line  of  collimation,  has  been  called,  by  the  Chevalier  de  Borda, 
the  crossed  observation. 
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The  same  process  may  be  repeated,  by  fixing  alternately  one 
of  the  indexes,  and  moving  the  other,  and  continuing  successive 
sets  of  observations ;  each  set  of  two  crossed  observations,  one 
to  the  right  and  another  to  the  left.  The  angle  given  by  the 
instrument,  will  be  equal  to  double  the  angular  distance  multi- 
plied by  the  number  of  sets  observed,  or,  in  other  terms,  to 
the  angular  distance  multiplied  by  the  number  of  observations, 
which  are  always  supposed  to  be  made  by  pairs ;  an  odd  obser- 
vation being  of  no  value  in  this  manner  of  using  the  Circle. 

I  have  expressed  myself  as  if  the  observations  could  always 
be  made  by  looking  alternately  at  each  object  through  the  tele- 
scope, in  order  to  bring  into  contact  the  doubly  reflected  image 
of  the  other  object.  This  is  not  the  case  in  the  observations  of 
the  distances  from  the  moon  to  the  sun,  or  a  star ;  it  being  then 
indispensable  to  compare,  by  reflection,  the  brightest  of  the  two 
heavenly  bodies ;  but  there  is  a  very  easy  method  of  obviating 
that  inconvenience  After  the  contact  of  the  images  of  S  and  L 
js  observed,  with  the  telescope  directed  to  L,  the  position  of  the 
plane  of  the  instrument  may  be  inverted,  turning  it  round  the 
axis  of  vision  OBL;  the  incident  ray  will  then  answer  to  the 
point  S',  equally  distant  from  L  as  S,  and  the  crossed  observa- 
tions will  still  give  SS',  or  double  the  distance. 

Whether  a  Circle  is  used  simply,  as  Mayer  proposed  it,  or 
according  to  Borda's  method,  its  peculiar  advantages  chiefly 
depend  on  the  multiplication  of  the  distance  required.  I  have 
therefore  turned  my  attention  to  the  improvement  of  this  prin- 
ciple; and,  with  that  view,  I  have  contrived  the  construction 
which  I  am  going  to  describe. 

In  the  crossed  observations  made  with  Borda's  Circle,  the  in- 
dexes  move  alternately  through  an  arch  which,  in  die  divisions, 
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■ 

is  equal  to  double  the  distance :  for  example,  the  centre  index 
comes,  in  the  first  crossed  observation,  from  m  to  m';  in  the  third 
.  crossed  observation,  from  m'  to  m",  &c.  and  the  horizon  index,  in 
the  second  crossed  observation,  to  If ;  in  the  fourth  crossed  ob- 
servation, to  &c.  and,  by  each  of  the  two  indexes  may  be  found 
the  same  multiple  of  the  distance  required.  Let  us  now  place 
the  Nonius  in  a  circle  moving  round  the  centre,  over,  or  adja- 
cent to,  the  usual  limb  which  contains  the  divisions:  it  will 
easily  be  conceived,  that,  by  attaching  that  circle,  which  I  shall 
call  the  Flying  Nonius,  alternately  to  each  of  the  indexes,  it  will 
serve  as  Nonius  for  both ;  and  that,  after  any  number  of  obser- 
vations, it  will  geve  the  compound  motion  of  the  two  indexes. 
Thus,  after  the  firstobservation,  the  Flying  Nonius  will,  at  each 
crossed  observation,  advance  double  the  distance  over  the  divi- 
sions, while  each  separate  Nonius,  fixed  on  the  indexes,  requires 
a  set  of  two  observations,  to  produce  the  same  effect  in  Borda's 
■Circle. 

Plates  XXX.  XXXI.  and  XXXII.  exhibit  a  perspective  view, 
a  plan,  and  a  section,  of  the  instrument,  which,  for  the  sake 
of  distinction,  I  shall  call  my  Improved  Reflecting  Circle.  The 
last  Plate  is  particularly  intended  to  shew  the  compound  handle, 
which  I  have  adapted  to  the  instrument,  in  order  to  hold  it  with 
convenience  and  ease  in  every  position.*  These  three  repre- 

•  The  use  of  Ma  y  e  ft 's  Circle,  or  of  Bo  n  d  a'*,  as  constructed  till  now,  with  only  one 
handle  attached  to  the  centre,  is  extremely  inconvenient  in  several  positions,  and  par* 
ticularly  when  it  must  be  kept  inverted  downwards  during  the  observation.  For  this 
reason,  I  thought  it  of  importance  to  contrive  such  a  support  as -would  enable  the  ob- 
server to  hold  the  instrument  with  the  same  ease  in  every  direction.  This  is  effected 
by  means  of  the  compound  handle,  attached  to  the  horizon  index,  by  the  brace  V  and 
screw  X,  (Plates  XXX.  XXXI.  and  XXXII.)  which  index  turns  round  the  centre  with 
the  handle.  When  Mr.  Trovchton  began  to  construct  this  sort  of  instruments,  I 
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sentations,  in  which  the  same  parts  are  marked  with  the  same 
letters,  are  sufficient  to  give  an  accurate  idea  of  the  arrange- 
ment of  the  whole,  and  make  it  unnecessary  for  me  to  enter 
now  into  a  minute  detail  of  the  mechanism  of  the  apparatus. 
I  therefore  shall  content  myself  with  adding  here  only  what 
concerns  the  general  use,  and  the  peculiar  properties,  of  this 
instrument. 

M  is  the  divided  limb  of  the  circle,  and  N  the  Flying  Nonius, 
(Plates  XXX.  XXXI.  and  XXXII.)  to  each  of  which  the 
horizon  index  may  be  occasionally  attached,  by  means  of  the 
clamps  D,  C;  as  well  as  the  centre  index,  by  means  of  the 
other  clamps  A,  B.  The  peculiar  property  of  the  instrument 
being  that  of  giving  double  the  distance,  I  have  thought  proper 
to  divide  the  circle  into  360  degrees,  and  not  into  720  accord- 
ing to  the  nature  of  the  Sextant.  Thus,  after  a  crossed  obser- 
vation, the  reading  of  the  Nonius  will,  without  reduction,  exhibit 
the  measure  of  the  simple  distance.  I  have  likewise  extended 
the  Nonius  round  the  circumference,  so  that,  by  the  coincidence 
of  two  divisions,  the  number  of  degrees  will  appear  on  the 
limb,  and  that  of  the  minutes  and  seconds  on  the  Flying  Nonius. 
The  manner  of  making  the  observations  with  this  instrument 
is  as  follows. 

recommended  to  him  this  improvement,  which  he  has  adapted  to  his  Reflecting 
Circle. 

I  shall  observe  here,  that  Mr.  Trouchton's  Circles  are  not  of  the  kind  which  I 
have  endeavoured  to  improve.  The  scheme  of  his  construction  may  be  said  to  consist 
in  completing  the  limb  of  a  Sextant  to  the  whole  circumference,  and  making  it  capable 
thereby  of  performing  Bo r  da's  crossed  observations,  with  as  many  Noniuses  as  may 
be  attached  to  the  centre  glass.  But,  Mr.  Trough  ton's  instrument  is  deprived  of 
the  principle  invented  by  Mayer,  for  obtaining  at  one  reading  a  multiple  of  the 
distance  required ;  which  is  the  great  property  of  Circles,  and,  in  my  opinion,  the  best 
means  of  diminishing  their  errors. 
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Adapt  the  o  of  the  Flying  Nonius  to  3600  of  the  limb ;  and 
then  fasten  the  two  clamps  A,  B,  of  the  centre  index*  EE, 
by  which  the  divisions  will  be  kept  in  the  same  relative  situa- 
tion. Then,  turn  round  the  horizon  index  FF,  and  make  an 
observe  ion  of  the  distance  to  the  right.  The  contact  must  be 
adjusted  by  the  screw  G,  the  clamp  C  being  fastened.  Leave 
this  clamp  fastened,  and  loosen  the  clamp  A ;  thus  turn  the  in- 
strument, and  make  a  crossed  observation  to  the  left,  adjusting 
by  means  of  the  screw  H,  after  having  fastened  the  clamp  D.  At 
the  end  of  this  observation,  the  Flying  Nonius  will  give  the 
distance.  Fasten  now  the  clamp  A,  and  loosen  the  clamps  B 
and  C,  leaving  the  clamp  D  fastened ;  then  turn  the  instrument 
again,  and  make  a  crossed  observation  to  the  right.  At  the  end 
of  this  observation,  the  Flying  Nonius  will  give  double  the  dis- 
tance. By  successively  inverting  the  use  of  the  clamps,  this  al- 
ternate process  may  be  continued  ad  libitum ;  and  each  crossed 
observation  will  increase  the  reading,  by  an  arch  equal  to  the 
distance. 

Let  the  number  of  observations  be  n,  and  the  angular  distance 
D.  The  arch  given  by  my  improved  circle  will  be  =  D  (n  —  1). 
In  Borda's  Circle,  (reducing  the  divisions  of  the  Sextant  to  those 
of  the  Theodolite  I  use,)  the  arch  is  =  D  x  n ;  and,  either  n 
must  be  an  even  number,  or  the  odd  observation  must  be  lost. 
In  Mayer's  Circle,  the  arch  is  =  ±  D  x  £  n ;  and  the  number  n, 
which  comprehends  the  observations  for  the  parallelism  of  the 
glasses  and  those  for  the  distance,  must  likewise  be  even.  The 

•  Properly  speaking,  neither  the  centre  nor  the  horizon  indexes  act,  in  this  instru- 
ment, as  such,  both  of  them  being  deprived  of  the  Nonius,  which  is  transferred  to  the 
flying  circle ;  but,  for  the  sake  of  perspicuity,  I  continue  the  use  of  those  expressions, 
in  order  to  distinguish  the  plates  or  rules  which  carry  the  centre  and  the  horizon 
glasses. 
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comparison  of  these  expressions,  shews  at  once  the  relative 
advantages  of  the  different  instruments. 

My  construction  offers  considerable  advantages,  in  every 
manner  of  using  the  Circle.  If,  instead  of  the  crossed  observa- 
tions, it  should  be  wanted  to  employ  the  usual  practice  of  ren- 
dering the  glasses  parallel,  a  multiple  of  the  distance  may  still 
be  obtained  by  my  instrument,  equal  to  that  of  the  other  me- 
thod. For  this  purpose,  the  parallelism  of  the  glasses  may  be 
effected,  by  means  of  the  images  of  the  sun,  or  the  horizon  of 
the  sea,  moving  the  index  F,  while  the  o  of  the  Nonius  is  adapted 
to  3600  of  the  limb,  and  the  two  clamps  A,  B,  are  fastened. 

• 

After  this,  an  observation  of  the  distance  to  the  right  may  be 
made,  with  the  clamp  A  fastened,  while  the  clamp  B  is  loose; 
the  clamp  D  being  also  fastened,  and  the  clamp  C  loose ;  and,  at 
the  end  of  this  observation,  the  Flying  Nonius  will  give  an  angle, 
which  will  be  only  the  half  of  the  distance  in  my  divisions,  but 
which  would  be  equal  to  the  whole  distance,  if  the  divisions  were 
according  to  the  Sextant.  After  that,  and  while  the  clamps  B 
and  C  are  fastened,  and  the  clamps  A  and  D  loose,  the  paral- 
lelism of  the  glasses  may  be  again  effected ;  and  the  Nonius  will 
advance  the  same  quantity  over  the  limb.  The  same  addition 
will  take  place,  by  inverting  the  use  of  the  clamps,  and  making 
another  observation  of  the  distance.  The  like  alternate  process 
may  be  continued  indefinitely;  and  the  result  given  by  the  in- 
strument will,  with  only  one  observation  more,  be  the  same  as 
that  of  Borda's  method,  and  double  the  arch  which  would  be 
obtained  by  Mayer's  Circle. 

Mr.  Borda's  Circle  is  liable  to  a  very  great  inconvenience  in 
practice.  Each  index  advances  successively  over  the  limb ;  and, 
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in  order  to  facilitate  the  operation  of  bringing  the  images  for 
the  contact  within  the  telescope,  that  author  advises  to  make  a 
preparatory  memorandum  of  the  positions  which  the  indexes 
will  nearly  occupy,  so  that  they  may  be  set  accordingly,  pre- 
vious to  each  observation.    But  this  method,  which  is  always 
inconvenient,  by  night  becomes  almost  impossible.  For  this 
reason,  I  have  joined  to  the  horizon  index  an  arch  LL,  (Plates 
XXX.  and  XXXI.)  which  is  divided,  both  to  the  right  and  left, 
into  degrees  and  minutes  of  the  Sextant,  so  that,  when  the 
glasses  are  parallel,  the  centre  index  coincides  with  the  two 
first  divisions  o,  o,  and  occupies  the  space  left  blank  between 
them.   I  have  further  provided  two  sliding  pieces  P,  P,  which 
may  be  adapted  to  that  arch,  with  a  spring  sufficient  to  keep 
them  firm  in  any  situation.  Putting  each  of  these  pieces  upon 
the  arch,  so  that  their  ends  may  coincide  with  the  divisions 
marking  the  rough  distance  to  be  measured,  no  more  will  be 
required,  than  to  set  the  centre  index  alternately  against  each 
piece,  before  the  beginning  of  the  successive  crossed  observa- 
tion. The  clamp  may  then  be  fastened,  and  the  remainder  of 
the  motion  produced  by  the  adjusting  screw ;  as,  if  necessary, 
the  index  will  push  the  sliding  piece  further,  and  leave  it  at  the 
point  where  the  contact  was  effected.  * 

The  Flying  Circle  facilitates  the  use  of  any  number  of  No- 
niuses, which  may  be  applied  round  the  whole  circumference; 
but,  as  the  leading  principle  which  I  have  chiefly  had  in  con- 
templation, is  that  of  obtaining  an  accurate  result  from  one 
reading,  I  have  only  used  a  single  Nonius.    Two  Noniuses, 

•  The  idea  of  this  simple  contrivance,  was  suggested  to  me  by  the  ingenious  Mr. 

E.  TlOVGHTON. 
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opposite  one  another,  might  however  be  advantageous,  in  order 
to  correct  the  errors  of  eccentricity;  but,  in  my  opinion,  a 
greater  number  ought  not,  in  any  case,  to  be  used. 

Before  I  conclude  this  Paper,  I  shall  remark,  that  my  im- 
provement may  be  partially  applied  to  a  Circle,  where  the 
telescope  and  the  horizon  glass  are  attached,  or  fixed,  to  the 
main  frame  of  the  instrument.  The  Flying  Nonius,  acting  then 
with  the  single  centre  index,  will  only  give  the  same  result  as 
Borda's  Circle ;  but  this  construction  seems  to  me  greatly  pre- 
ferable to  all  the  other  plans  executed  till  now ;  the  whole  ap- 
paratus being  more  solid  and  simple,  and  its  use  not  liable  to 
the  errors  which  arise  from  the  motion  of  the  horizon  index. 

With  this  construction,  we  may  likewise  employ  a  method 
of  ascertaining  the  place  where  the  parallelism  of  the  glasses 
was  observed  to  take  place,  and  of  setting  the  index  afterwards 
in  the  same  situation,  as  often  as  is  necessary  for  the  repetition 
of  the  observations.  A  piece  may  be  used,  so  contrived  as  to  be 
attached  to,  or  detached  from,  one  side  of  the  index,  by  means 
of  a  screw ;  and  provided  besides  with  other  screws,  to  fasten  it 
to  any  part  of  the  limb.  This  rectification  piece,  being  previ- 
ously attached  to,  and  carried  with,  the  index,  must  be  fixed  in 
the  situation  it  occupied  when  the  contact  of  the  images  was 
observed.  The  index  will  then  be  detached  from  it,  in  order  to 
observe  the  distance,  and  afterwards  must  be  brought  back  to 
the  same  position  as  before,  contiguous  to  the  rectification  piece. 
The  like  alternate  process  may  be  repeated ;  and  the  Flying 
Nonius,  going  with  the  index  in  the  motions  forwards,  and 
standing  still  in  the  motions  backwards,  will  give  the  multiple  of 
the  observed  angle,  without  performing  the  observation  for  the 
parallelism  more  tlian  once  in  the  beginning.  In  Mayer's  Circle, 
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as  well  as  in  Borda's,  there  is  a  great  objection  to  any  attempt 
for  that  purpose;  because,  as  the  horizon  glass  moves  round 
with  the  index,  its  perpendicular  position  is  deranged  by  the 
inequalities  of  the  plane  of  the  limb ;  but,  in  my  construction 
for  multiplying  with  the  horizon  glass  fixed,  that  inconvenience 
is  removed ;  and  the  method  of  ascertaining  the  identical  posi- 
tion of  the  glasses  may  be  employed  in  practice,  with  advantage, 
it  being  done  when  the  index  is  at  the  same  point  of  the  frame. 
By  suggesting  this  idea,  I  do  hot,  however,  mean  to  represent 
it  as  preferable  to  the  repetition  of  the  observations;  which 
process  must,  for  many  reasons,  have  the  advantage  over  any 
mechanical  contrivance  whatsoever. 

I  have  procured  Reflecting  Circles  to  be  constructed,  upon 
the  principles  here  described,  both  with  the  telescope  and  the 
horizon  glass  upon  a  moveable  index,  and  with  the  same  pieces 
attached  to  the  main  frame  of  the  instrument.  The  two  me- 
thods have  respectively  answered  my  expectation;  and  I  pur- 
pose, at  a  future  opportunity,  to  publish  a  description  of  the 
means  which  I  wish  to  recommend  for  the  mechanical  improve- 
ment of  the  different  parts,  together  with  an  account  of  some 
other  essays  which  I  have  made  relative  to  the  same  subject. 
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XVIII.  Observations  and  Experiments  upon  Dr.  James's  Powder; 
with  a  Method  of  preparing,  in  the  humid  Way,  a  similar  Sub- 
stance.   By  Richard  Chenevix,  Esq.  F.  R.  S.  M.  R.  L  A. 

Read  June  4,  1801. 

After  the  observations  and  experiments  made  by  Dr.  Pearsow, 
to  investigate  the  nature  of  Dr.  James's  Powder,  and  presented 
by  him  to  this  Society,  very  little  remained  to  be  effected  or 
desired,  towards  a  further  knowledge  of  the  subject.  But  those 
very  experiments  served  to  suggest,  that  the  mode  of  prepara- 
tion was  far  from  being  the  best  that  the  present  improved  state 
of  chymical  knowledge  might  afford;  and  that,  in  all  probabi- 
lity, a  less  defective  composition  might  result  from  a  process 
more  conformable  to  some  improvements,  which  of  late  have 
been  advantageously  applied  to  pharmaceutic  chymistry. 

It  may  be  laid  down  as  a  general  principle,  that,  in  delicate 
experiments,  whether  analytical  or  synthetical,  fire  (that  potent 
and  once  believed  to  be  universal  agent)  is  too  precarious  in  its 
means,  and  too  uncertain  in  its  application,  to  be  employed  with 
full  and  constant  success.  And,  if  it  is  still  recurred  to,  the 
advantage  of  promptness,  and  a  remnant  of  ancient  custom, 
are  the  principal  reasons.  But,  where  other  methods  can  be  de- 
vised  to  effect  the  same  combinations,  (and  the  humid  way  offers 
many,)  every  person  conversant  in  chymical  knowledge  will  al- 
low the  benefit  of  adopting  them.  The  recent  improvement  in 
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the  mode  of  preparing  calomel,  is  a  striking  example  of  such 
salutary  corrections  being  successfully  introduced. 

A  few  observations  upon  the  formula  according  to  which  Dr. 
James's  Powder,  or  the  Pulvis  Antimonialis,  is  prepared,  and 
upon  some  properties  of  antimony,  will  place  this  assertion  in  a 
more  prominent  point  of  view. 

In  order  to  prepare  this  powder,  we  are  told  to  take  equal 
weights  of  bone  or  hartshorn  shavings  and  crude  antimony, 
and  calcine  them  together,  at  a  high  temperature:  in  other 
words,  to  take  phosphate  of  lime,  which  already  contains  a  great 
excess  of  lime,  and  add  to  it  an  oxide  of  antimony.  In  this  pro- 
cess, it  has  been  supposed,  that  the  phosphoric  acid  of  the  bone 
or  hartshorn  will  saturate,  not  only  the  lime  with  which  it  was 
originally  combined,  but,  in  addition  to  it,  a  new  portion  of  me- 
tallic oxide,  and  a  new  portion  of  lime.  For,  what  little  sul- 
phuric acid  might,  during  the  process,  have  been  formed  by 
the  combustion  of  the  sulphur  of  the  crude  antimony,  is  dissi- 
pated, at  a  much  lower  temperature  than  that  to  which  the 
powder  is  exposed. 

Every  oxide  of  antimony  with  which  we  are  acquainted,  is 
volatile  at  a  high  degree  of  heat :  it  would  therefore  be  hazard- 
ous to  assert,  that  it  is  possible  to  preserve  always  the  same 
proportion  of  antimony,  whatever  care  may  be  employed  in  di- 
recting the  operation ;  and,  a  dissimilarity  in  the  chemical  result, 
must  necessarily  be  attended  with  uncertainty  in  the  medical 
application. 

To  this  property  may  be  added  another,  no  less  conducive  to 
error.  That  portion  of  oxide  of  antimony  which  is  not  volati- 
lized, becomes,  in  a  great  measure,  insoluble  in  all  the  acids. 
What  the  effect  of  the  gastric  juice  may  be,  upon  a  substance 
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vrhfch  resists  the  action  even  of  nitro-muriatic  acid,  it  is  not  my 
purpose  to  determine.  It  is  sufficient  for  me  to  say,  that,  as  the 
quantity  of  insoluble  matter,  in  a  given  quantity  of  Dr.  James's 
Powder,  prepared  at  different  times,  may  vary,  the  effect  of  any 
dose  also  may  differ,  according  to  the  proportions  of  soluble 
and  insoluble  matter. 

I  look  upon  it  as  a  fortunate  circumstance,  that  those  experi- 
ments and  observations  which  I  mentioned  in  the  beginning  of 
this  Paper,  existed  as  a  standard  to  which  I  might  refer  my  own 
attempts,  and  by  which  I  might  estimate  their  validity.  Dr. 
Pearson  has  proved,  (as  by  my-own  experiments  I  have  found,) 
that  in  Dr.  James's  Powder  about  28  per  cent,  resisted  the 
action  of  every  acid.  In  examining  some  of  the  Pulvis  Antimo- 
nialis  of  the  London  Pharmacopeia,  I  found  the  average  quantity 
of  insoluble  matter  to  be  about  44  per  cent.  This  proportion, 
however,  was  liable  to  considerable  variation.* 

The  powder  here  treated  of  is  denominated,  by  Dr.  Pearson, 
a  triple  salt,  or  a  real  ternary  combination  of  a  double  basis, 
(lime  and  antimony,)  with  phosphoric  acid.  What  I  have  men* 
tioned,  with  regard  to  the  quantity  of  acid  contained  in  bone  or 
hartshorn,  as  being  too  small  to  saturate  a  new  portion  of  these 
bases,  may  throw  some  doubts  upon  the  possibility  of  any  such 
combination  in  the  present  case.  But  I  have  made  some  more 
direct  experiments,  which  tend  to  prove,  that  no  such  combina- 
tion does  exist 

*  I  find,  from  the  information  of  several  medical  gentlemen,  that  the  Pulvis  Antimo- 
niaiisis  generally  considered  as  stronger  than  Dr.  J  amis'*  Powder.  This  seems  rather 
extraordinary,  when  we  consider  that  the  quantity  of  insoluble  matter  is  greater  in  the 
former  than  in  the  latter;  and  would  almost  lead  us  to  suspect  it  to  be  the  active  part- 
of  the  medicine. 
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I  took  some  white  oxide  of  antimony,  (formerly  called  Alga- 
roth  Powder,)  precipitated  by  water  from  muriate  of  antimony, 
and  heated  it  for  a  long  time  with  phosphoric  acid.  I  decanted 
the  liquor,  and  washed  the  powder  that  remained.  No  antimony 
could  be  found  in  the  liquor ;  nor  could  any  traces  of  phosphoric 
acid  be  detected  in  the  residuary  oxide  of  antimony.  I  then  took 
a  solution  of  muriate  of  antimony,  and  divided  it  into  two  equal 
parts :  into  one,  I  poured  distilled  water ;  and,  mto  the  other,  a 
solution  of  phosphate  of  soda.  In  each  liquor,  a  copious  preci- 
pitate was  formed ;  which  precipitates,  after  being  well  washed, 
were  dried.  The  weight  of  both  was  the  same ;  whereas,  it  is 
evident  that;  had  any  phosphoric  acid  been  combined  with  the 
oxide,  there  would  have  been  an  augmentation  of  weight,  in 
that  which  was  precipitated  by  the  solution  of  phosphate  of 
soda.  This  precipitate  likewise,  upon  examination,  gave  no  traces 
of  phosphoric  acid.  From  these  experiments  it  appears,  that 
there  exists  no  combination,  which  can  be  denominated  a  plios- 
phate  of  antimony. 

To  attempt  an  explanation  of  the  real  nature  of  the  powder 
here  spoken  of,  I  had  recourse  to  some  experiments  of  Mons. 
Berthollet.  By  detonating  sulphuret  of  antimony  and  nitrate 
of  potash,  in  a  crucible,  he  obtained  a  mass,  which  he  reduced 
to  powder,  and  washed.  The  liquor  gave,  upon  evaporation,  a 
crystallized  salt,  which  M.  Berthollet  terms  an  antimoniate  of 
potash.  I  never  could  succeed  in  any  attempt  to  form  a  similar 
combination  between  the  above  white  oxide  of  antimony  and 
potash,  owing,  I  believe,  to  the  small  quantity  of  oxygen  con- 
tained therein,  compared  with  that  which  is  combined  with  the 
oxide  obtained  by  detonation.  I  cannot  therefore  say,  that  the 
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powdet  in  question  is,  in  any  degree,  what  M.  Berthollet 
would  call  an  antimoniate  of  lime. 

But,  be  the  state,  whether  of  mixture  or  of  combination,  what 
it  may,  my  purpose  is  to  endeavour  to  produce  a  substance, 
which,  from  its  more  certain  mode  of  preparation,  may  be  more 
equal  and  constant  in  its  effects. 

Dissolve,  together  or  separately,  in  the  least  possible  portion 
of  muriatic  acid,  equal  parts  of  the  foremen tioned  white  oxide 
of  antimony  and  of  phosphate  of  lime.  *  Pour  this  solution  gra- 
dually into  distilled  water,  previously  alkalizated  by  a  sufficient 
quantity  of  ammonia.  A  white  and  abundant  precipitate  will 
take  place,  which,  well  washed  and  dried,  is  die  substitute  I  pro- 
pose for  Dr.  James's  Powder. 

The  theory  of  this  .precipitation  is  so  clear  and  simple,  that 
it  does  not  require  any  comment  It  may  be  useful,  however, 
to  those  who  wish  to  make  this  preparation,  to  remark,  that 
it  is  absolutely  necessary  that  the  solution  of  phosphate  of 
lime  and  of  oxide  of  antimony,  in  muriatic  acid,  should,  after 
being  well  mixed,  be  poured  into  the  alkaline  liquor,  in  order 
to  obtain  a  precipitate  homogeneous  throughout  the  opera- 
tion.   For,  should  the  alkaline  liquor  be  poured  into  the  add 

•  In  order  to  procure  the  phosphate  of  lime,  I  dissolved  in  muriatic  acid,  a  quantity 
of  calcined  bone,  and  precipitated  by  ammonia,  in  its  state  of  greatest  causticity.  By 
this  means,  the  excess  of  muriatic  acid,  which  held  in  solution  the  phosphate  of  lime* 
is  saturated,  and  the  phosphate  is  precipitated;  but  no  muoate  of  lime  is  decomposed, 
if  the  ammonia  is  quite  free  from  carbonic  acid.  This  is  the  most  direct  method  of 
obtaining  phosphate  of  lime  pure.  This  salt  is  not  decomposed,  as  some  have  asserted, 
by  muriatic  acid,  but  merely  dissolved  by  it.  I  have  been  induced  to  state  fully  these 
particulars,  because,  from  the  beneficial  effects  of  this  salt  in  the  treatment  of  rachitis, 
as  proposed  by  M.  Bon  hom mi,  (AnnaUs  de  Cbimh,  Vol.  XVIII.  p.  113,)  it  may  be- 
come of  general  use.  The  oxide  of  antimony,  I  obtained  by  precipitating,  by  water, 
the  common  butter  of  antimony  of  the  shops. 
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solution,  the  water  of  the  former  would  act  upon  the  entire  mass 
of  oxide  of  antimony,  while  the  alkali  would  precipitate  the 
phosphate  of  lime  only  as  it  saturated  the  acid  which  held  that 
salt  in  solution  :  thus,  the  precipitate  would  contain  more  anti- 
mony in  the  beginning ;  and,  towards  the  end,  the  phosphate  of 
lime  would  be  predominant.  For  the  same  reason  too,  a  pure 
alkali  is  preferable  to  its  carbonate ;  for  the  carbonic  acid  disen- 
gaged, would  retain  in  solution  a  portion  of  phosphate  of  lime. 

Whether  this  composition  be  a  chymicai  combination  or  a 
mixture,  I  will  not  take  upon  me  to  determine;  but,  for  the 
reasons  ahove  mentioned,  in  speaking  of  Dr.  James's  Powder, 
1  believe  it  to  be  merely  a  very  intimate  mixture.  At  all  events, 
it  must  be  more  homogeneous  than  any  that  can  be  prepared  in 
the  dry  way.  It  is  entirely  soluble  in  every  acid  that  can  dis- 
solve either  phosphate  of  lime  or  oxide  of  antimony  separately; 
and,  to  have  it  constantly  and  uniformly  the  same,  no  further 
address  in  preparing  it  is  required,  than  to  avoid  the  errors  I 
have  mentioned. 

As,  after  some  medical  trials  of  the  powder,  it  was  suggested 
to  me,  that  it  might  be  advantageous  to  render  it  somewhat 
stronger,  I  prepared  another  portion,  by  taking  two  parts  of 
oxide  of  antimony  and  but  one  of  phosphate  of  lime,  and  pre- 
cipitating as  above  described.  The  medicinal  power  was  then 
considerably  increased. 

Dr.  James's  Powder  is  a  medicine  which  has  been  so  long  in 
use,  and  is  so  deservedly  ranked  among  the  most  valuable  we 
possess,  that  every  attempt  to  render  the  process  for  preparing 
it  more  simple  and  more  certain,  must  be  allowed  to  be  of  some 
importance.  But,  whatever  reason  there  was  to  think,  by  ar- 
guing upon  its  chymicai  properties,  that  I  had  really  succeeded 
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in  improving  its  medicinal  virtues,  it  still  remained  to  be  proved, 
by  actual  experiment,  that  the  hoped-for  success  was  not  merely 
conjectural.  To  ascertain  this,  I  gave  some  of  my  powder  to 
Dr.  CmcHTOM,  Dr.  Babington,  and  Mr.  Abernethy;  gentle- 
men, whose  extensive  practice  and  acknowledged  skill  suffici- 
ently enabled  them  to  judge  of  its  medical  properties.  They  all 
concur  in  opinion,  that,  in  its  general  effects,  it  agrees  with  Dr. 
James's  Powder  and  the  Pulvis  Antimonialis ;  hut,  that  it  is 
more  mild,  and  consequently  may  be  given  in  larger  quantities* 
seldom  producing  nausea  or  vomiting,  in  doses  of  less  than  eight 
or  ten  grains. 
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seven  Years  of  Age,  after  having  been  deprived  of  it  by  Cata- 
racts, before  be  was  a  Tear  old ;  uuitb  Remarks.  By  Mr.  James 
Ware,  Surgeon.  Communicated  by  Maxwell  Garthshore, 
M.D. 

•  ■ 

Read  June  u,  1801. 

r  • 

MAsr«  W.  the .nofa^pectaWecl^atCa,^. 
in  Somersetshire,  was  bom  in  the  year  1793;  and,  for  many 
months,  appeared  to  be  a  healthy  perfect  child:  his  eyes,  in 
particular,  were  large  and  rather  prominent.  When  about  six 
months  old,  he  began  to  cut  his  teeth ;  which  was  attended  with 
great  pain,  and  frequently  with  violent  convulsive  fits.  About 
the  end  of  his  first  year,  a  number  of  persons  passing  in  pro- 
cession near  his  father's  house,  accompanied  with  music  and 
flags,  the  child  was  taken  to  see  them ;  but,  instead  of  looking 
at  the  procession,  it  was  observed  that,  though  he  was  evidently 
much  pleased  with  the  music,  his  eyes  were  never  directed  to 
the  place  from  whence  the  sound  came.  His  mother,  alarmed 
by  this  discovery,  was  naturally  led  to  try  whether  he  could  see 
silver  spoons,  and  other  glaring  objects,  which  she  held  before 
him  at  different  distances ;  and  she  was  soon  convinced,  that  he 
was  unable  to  perceive  any  of  them.  A  surgeon  in  the  country 
was  consulted,  who,  on  examining  the  child's  eyes,  discovered 
an  opacity  in  the  pupils,  which  was  so  considerable,  that  he  did 
not  hesitate  to  pronounce  there  was  a  complete  cataract  in  each. 
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A  description  of  the  child's  situation  was  then  sent  to  me,  with 
a  request  that  I  would  point  out  those  steps  which  its  parents 
should  pursue.  The  Case  was  so  evident,  that  I  could  not  hesi- 
tate in  saying,  that  the  removal  of  the  opaque  crystalline  hu- 
mour, from  the  place  it  occupied  behind  the  pupil,  was  the  only 
method  by  which  the  child  could  obtain  his  sight  *  and,  attached 
as  I  was,  at  that  time,  in  all  cases,  to  the  operation  of  extract- 
ing the  cataract,  in  preference  to  that  of  depressing  it,  I  added, 
that  I  did  not  think  he  would  be  fit  for  the  operation,  until  he 
was  at  least  thirteen  or  fourteen  years  old.  This  advice  being 
approved,  all  thoughts  of  assisting  his  sight  were,  for  the  pre- 
sent, relinquished.  He  soon  discovered  a  great  fondness  for 
music;  his  memory  was  very  retentive  of  the  little  stories 
that  were  read  or  recited  to  him;  and,  in  every  way,  ft  became 
evident  that  he  had  a  mind  capable  of  receiving  reformation. 
As  soon  as  he  could  speak,  it  was  also  observed,  that  when  an 
object  was  held  close  to  his  eyes,  he  was  able  to  distinguish  its 
colour,  if  strongly  marked;  but,  On  no  occasion,  did  he  ever 
notice  its  outline  or  figure.  In  November,  1800,  his  parents 
took  him  to  Bristol ;  whither  they  went  for  the  purpose  of  see- 
ing the  works  carried  on  in  the  school  for  the  indigent  blind  in 
that  city,  and  in  order  that  they  might  ascertain  whether  their 
son,  who  was  then  arrived  to  his  seventh  year,  could  be  taught 
any  thing  that  would  be  useful  or  amusing.  Here  he  very 
quickly  leamt  the  art  of  making  laces.  But  his  parents,  having 
brought  him  so  far  from  home,  thought  it  adviseable  to  extend 
their  plan,  and  make  a  visit  to  the  metropolis,  for  the  sake  of 
giving  me  an  opportunity  of  inspecting  his  eyes,  and  of  hearing 
whether  my  opinion  continued  the  same  as  that  which  I  had 
written  to  them  six  years  before.  About  a  month  previous  to 
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the  time  of  their  arrival,  a  Portuguese  boy,  fourteen  years  old, 
had  been  put  under  my  care,  who  was  in  a  similar  situation ; 
and,  in  this  case,  notwithstanding  ail  the  efforts  I  could  use,  I 
found  it  impossible  to  fix  the  eye,  in  order  to  extract  the  cata- 
ract, without  employing  a  degree  of  force  which  might  have 
been  higldy  injurious.  I  therefore  relinquished  my  intention  of 
performing  the  operation  in  that  way,  and  determined  to  make 
use  of  the  couching  needle;  being  prepared,  either  to  depress  the 
cataract  with  this  instrument,  if  it  was  sufficiently  solid  for  the 
purpose,  or,  if  it  was  soft  or  fluid,  (which  I  rather  expected,) 
to  puncture  its  capsule  largely,  so  as  to  bring  the  opaque  crys- 
talline into  free  contact  with  the  aqueous  and  vitreous  humours. 
In  order  to  fix  the  eye  for  this  operation,  I  was  not  afraid  to 
make  use  of  a  speculum  oculi ;  since  a  pressure,  which  would 
have  been  highly  dangerous  in  extracting  the  cataract,  might  be 
applied  on  the  present  occasion  with  perfect  safety.  Conform- 
ably to  my  expectation,  the  cataract  was  of  a  soft  consistence; 
in  consequence  of  which,  I  was  not  able  to  depress  it,  and 
contented  myself  with  making  a  large  aperture  through  the 
capsule,  by  means  of  which  the  crystalline  was  brought  into 
contact  with  the  other  humours,  a  considerable  part  of  it  coming 
forwards,  and  shewing  itself  directly  under  the  cornea. 

This  being  the  immediate  result  of  the  operation,  it  could  not 
be  expected  that  any  improvement  should  be  made  in  the  sight 
of  the  patient  at  that  time.  In  a  few  days,  however,  the  opaque 
matter  was  wholly  absorbed;  the  pupils  became  clear;  and  the 
lad  recovered  the  sight  of  both  his  eyes.*   Encouraged  by  the 

*  It  should  be  remarked,  that  the  sight  obtained  by  children  who  are  born  with  Ca- 
caracts,  is  seldom  so  perfect  as  that  which  those  recover,  after  the  operation,  who  are 
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success  which  followed  this  operation,  I  was  induced  to  retract 
the  opinion  which  I  had  formerly  sent  to  Master  W.'s  father, 
(which  opinion  I  had  given  under  the  impression  that  the  cata- 
ract should  be  extracted,)  and  I  now  proposed,  that  an  attempt 
should  be  made  to  afford  relief  to  one  eye,  at  least,  without  fur- 
ther loss  of  time ;  this  attempt,  in  the  way  above  mentioned, 
being  practicable  with  as  much  safety  at  his  present  age  as  at 
any  future  period ;  and,  if  it  proved  successful,  it  would  give  the 
young  gentleman  the  benefit  of  vision  five  or  six  years  sooner 
than  his  friends  had  been  encouraged  to  expect,  by  my  former 
letter  on  this  subject.  They  were  naturally  much  pleased  with 
this  alteration  in  my  advice ;  and  the  child  himself  appearing  to 
possess  a  great  degree  of  fortitude,  I  performed  the  operation  on 
the  left  eye,  on  the  29th  of  December  last,  in  the  presence  of 
Mr.  Chamberlayne,  F.  A.  S.  Doctor  Bradley,  of  Baliol  Col- 
lege, Oxford,  and  Mr.  Platt,  surgeon,  in  London.  It  is  not 
necessary,  in  this  place,  to  enter  into  a  description  of  the  opera- 
tion. It  will  be  sufficient  to  say,  that  the  child,  during  its  per- 
formance, neither  uttered  an  exclamation,  nor  made  the  smallest 
motion,  either  with  his  head  or  hands.  The  eye  was  immedi- 
ately bound  up,  and  no  inquiries  made  on  that  day  with  regard 
to  his  sight.  On  the  30th,  I  found  that  he  had  experienced  a 
slight  sickness  on  the  preceding  evening,  but  had  made  no  com- 
plaint of  pain,  either  in  his  head  or  eye.  On  the  31st,  as  soon 
as  I  entered  his  chamber,  the  mother,  with  much  joy,  informed 

afflicted  with  the  disorder  later  in  life.  In  consequence  either  of  some  remaining  opa- 
city in  the  crystalline  capsule,  which  hinders  the  free  admission  of  the  rays  of  light,  or 
of  a  greater  tenuity  in  the  remaining  humours  of  the  eye,  children  require,  in  general, 
a  much  deeper  convex  glass  to  enable  them  to  sec  minute  objects ;  and,  at  the  same 
time,  they  are  obliged  to  hold  them  much  nearer  their  eyes  than  older  persons. 
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me  that  her  child  could  sec.  About  an  hour  before  my  visit,  he 
was  standing  near  the  fire,  with  a  handkerchief  tied  loosely  over 
his  eyes,  when  he  told  her  that  under  the  handkerchief,  which 
had  slipped  upward,  he  could  distinguish  the  table  by  the  side 
of  which  she  was  sitting :  it  was  about  a  yard  and  a  half  from 
him ;  and  he  observed  that  it  was  covered  with  a  green  cloth, 
(which  was  really  the  case,)  and  that  it  was  a  little  farther  off 
than  he  was  able  to  reach.  No  further  questions  were  asked  him 
at  that  time ;  as  his  mother  was  much  alarmed,  lest  the  use  thus 
made  of  his  eye  might  have  been  premature  and  injurious.  Upon 
examination,  I  found  that  it  was  not  more  inflamed  than  the  other 
eye;  and  the  opacity  in  the  pupil  did  not  appear  to  be  much  di- 
minished. Desirous,  however,  to  ascertain  whether  he  was  able 
to  distinguish  objects,  I  held  a  letter  before  him,  at  the  distance 
of  about  twelve  inches,  when  he  told  me,  after  a  short  hesitation, 
that  it  was  a  piece  of  paper ;  that  it  was  square,  which  he  knew 
by  its  corners ;  and  that  it  was  longer  in  one  direction  than  it 
was  in  the  other.  On  being  desired  to  point  to  the  corners,  he 
did  it  with  great  precision,  and  readily  carried  his  finger  in  the 
line  of  its  longest  diameter.  I  then  shewed  him  a  small  oblong 
band-box  covered  with  red  leather,  which  he  said  was  red  and 
square,  and  pointed  at  once  to  its  four  corners.  After  this,  I 
placed  before  him  an  oval  silver  box,  which  he  said  had  a  shi- 
ning appearance ;  and,  presently  afterwards,  that  it  was  round, 
because  it  had  not  corners.  The  observation,  however,  which 
appeared  to  me  most  remarkable,  was  that  which  related  to 
a  white  stone  mug ;  which  he  first  called  a  white  bason,  but, 
soon  after,  recollecting  himself,  said  it  was  a  mug,  because  it 
had  a  handle.  These  experiments  did  not  give  him  any  pain ; 
and  they  were  made  in  the  presence  of  his  mother,  and  of  Mr. 
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Woodford,  a  clerk  in  his  Majesty's  Treasury.  I  held  the  ob- 
jects at  different  distances  from  his  eye,  and  inquired  very  par- 
ticularly if  he  was  sensible  of  any  difference  in  their  situation ; 
which  he  always  said  he  was,  informing  me,  on  every  change, 
whether  they  were  brought  nearer  to,  or  carried  further  from 
him.  I  again  inquired,  both  of  his  mother  and  himself,  whether 
he  had  ever,  before  this  time,  distinguished  by  sight  any  sort  of 
object ;  and  I  was  assured  by  both  that  he  never  had,  on  any  oc- 
casion ;  and  that,  when  he  wished  to  discover  colours,  which  he 
could  only  do  when  they  were  very  strong,  he  had  always  been 
obliged  to  hold  the  coloured  object  close  to  his  eye,  and  a  little 
on  one  side,  to  avoid  the  projection  of  the  nose.  No  further  ex- 
periments were  made  on  that  day.   On  the  1st  of  January,  I 
found  that  his  eye  continued  quite  free  both  from  pain  and 
inflammation,  and  that  he  felt  no  uneasiness  on  the  approach 
of  light.  I  shewed  him  a  table  knife;  which  at  first  he  called  a 
spoon,  but  soon  rectified  the  mistake,  giving  it  the  right  name, 
and  distinguishing  the  blade  from  the  handle,  b}r  pointing  to 
each  as  he  was  desired.   He  afterwards  called  a  yellow  pocket- 
book  by  its  name,  taking  notice  of  the  silver  lock  in  the  cover. 
I  held  my  hand  before  him ;  which  he  knew,  but  could  not  at 
first  tell  the  number  of  my  fingers,  nor  distinguish  one  of  them 
from  another.   I  then  held  up  his  own  hand,  and  desired  him 
to  remark  the  difference  between  his  thumb  and  fingers ;  after 
which,  he  readily  pointed  out  the  distinctions  in  mine  also. 
Dark-coloured  and  smooth* objects,  were  more  agreeable  to  him 
than  those  which  were  bright  and  rough.  On  the  3d  of  January, 
he  saw,  from  the  drawing-room  window,  a  dancing  bear  in  the 
street;  and  distinguished  a  number  of  boys  that  were  standing 
round  him,  noticing  particularly  a  bundle  of  clothes  which 
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one  of  them  had  on  his  head.  On  the  same  evening,  I  placed 
him  before  a  looking  glass,  and  held  up  his  hand :  after  a  little 
time  he  smiled,  and  said  he  saw  the  shadow  of  his  hand,  as  well 
as  that  of  his  head.  He  could  not  then  distinguish  his  features ; 
but,  on  the  following  day,  his  mother  having  again  placed  him 
before  the  glass,  he  pointed  to  his  eyes,  nose,  and  mouth,  and 
seemed  much  gratified  with  the  sight. 

Having  thus  stated  the  principal  observations  that  were  made 
by  Master  W.  I  shall  now  make  a  brief  comparison  between 
this  statement,  and  that  which  is  given  in  the  XXXVth  Volume 
of  the  Philosophical  Transactions,  of  Mr.  Cheselden's  patient, 
who  was  supposed  to  be  born  blind,  and  obtained  his  sight  when 
he  was  between  thirteen  and  fourteen  years  old. 

It  should  be  observed,  that  though  Master  W.  was  six  years 
younger  than  Mr.  Cheselden's  patient,  he  was  remarkably 
intelligent,  and  gave  the  most  direct  and  satisfactory  answers 
to  every  question  that  was  put  to  him.  Both  of  them,  also,  if 
not  born  blind,  lost  their  sight  so  very  early,  that,  as  Mr.  Che- 
selden  expresses  it,  "  they  had  not  any  recollection  of  having 
"  ever  seen." 

My  first  remark  is,  that,  contrary  to  the  experience  of  Mr. 
Cheselden's  patient,  who  is  stated  "  to  have  been  so  far  from 
"  making  any  judgment  of  distance,  that  he  thought  all  objects 
"  touched  his  eyes,  as  what  he  felt  did  his  skin,"  Master  W. 
distinguished,  as  soon  as  he  was  able  to  see,  a  table,  a  yard  and 
a  half  from  him ;  and  proved  that  he  had  some  accuracy  in  his 
idea  of  distance,  by  saying,  that  it  was  a  little  further  off  than 
his  hand  could  reach.  This  observation,  so  contrary  to  the  ac- 
count we  have  received  of  Mr.  Cheselden's  patient,  would  have 
surprised  me  much  more  than  it  did,  if  I  had  not  previously,  in 
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some  similar  instances,  had  reason  to  suspect  that  children, 
from  whom  cataracts  had  been  extracted,  had  a  notion  of  dis- 
tance the  first  moment  they  were  enabled  to  see.  In  the  instance 
particularly  of  a  young  gentleman  from  Ireland,  fourteen  years 
old,  from  each  of  whose  eyes  I  extracted  a  cataract,  in  the  year 
1794,  in  the  presence  of  Dr.  Hamilton,  Physician  to  the  London 
Hospital,  and  who,  before  the  operation,  assured  me,  as  did  his 
friends,  that  he  never  had  seen  the  figure  of  any  object,  Dr.  Ha- 
milton and  myself  were  much  astonished  by  the  facility  with 
which,  on  the  first  experiment,  he  took  hold  of  my  hand  at  dif- 
ferent distances,  mentioning  whether  it  was  brought  nearer  to, 
or  carried  further  from  him,  and  conveying  his  hand  to  mine  in 
a  circular  direction,  that  we  might  be  the  better  satisfied  of  the 
accuracy  with  which  he  did  it.  In  this  case,  however,  and  in 
others  of  a  like  nature,  although  the  patients  had  certainly  been 
blind  from  early  infancy,  I  could  not  satisfy  myself  that  they 
had  not,  before  this  period,  enjoyed  a  sufficient  degree  of  sight 
to  impress  the  image  of  visible  objects  on  their  minds,  and  to 
give  them  ideas  which  could  not  afterwards  be  entirely  oblite- 
rated. In  the  instance  of  Master  W.  however,  no  suspicion  of 
this  kind  could  occur;  since,  in  addition  to  the  declaration  of 
himself  and  his  mother,  it  was  proved  by  the  testimony  of  the 
surgeon  who  examined  his  eyes  in  the  country,  that  the  cataracts 
were  fully  formed  before  he  was  a  year  old.  And  I  beg  leave 
to  add  further,  that  on  making  inquiries  of  two  children,  between 
seven  and  eight  years  of  age,  now  under  my  care,  both  of  whom 
have  been  blind  from  birth,  and  on  whom  no  operation  has  yet 
been  performed,  I  find  that  the  knowledge  they  have  of  colours, 
limited  as  it  is,  is  sufficient  to  enable  them  to  tell  whether  co- 
loured objects  be  brought  nearer  to,  or  carried  further  from 
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them,  for  instance,  whether  they  are  at  the  distance  of  two 
inches  or  four  inches  from  their  eyes ;  nor  have  either  of  them 
the  slightest  suspicion,  as  is  related  of  Mr.  Cheselden's  pa- 
tient, that  coloured  objects,  when  held  before  them,  touch  their 
eyes. 

But  the  judgment  which  Master  W.  formed  of  the  different 
distances  of  objects,  was  not  the  only  instance  in  which  he  dif- 
fered from  Mr.  Cheselden's  patient;  who,  we  are  informed, 
"  did  not  know  the  figure  of  any  thing,  nor  any  one  thing  from 
"  another,  however  different  in  shape  and  magnitude ;"  for 
Master  W.  knew  and  described  a  letter,  not  only  as  white,  but 
also  as  square,  because  it  had  corners ;  and  an  oval  silver  box,  not 
only  as  shining,  but  also  as  round,  because  it  had  not  corners : 
he  likewise  knew,  and  called  by  its  name,  a  white  stone  mug,  on 
the  first  day  he  obtained  his  sight,  distinguishing  it  from  a  ba- 
son, because  it  had  a  handle.  These  experiments  were  made  in 
the  presence  of  two  respectable  persons,  as  well  as  myself ;  and 
they  were  several  times  repeated,  to  convince  us  that  we  could 
not  be  mistaken  in  them.  I  mention  the  circumstance,  however, 
with  much  diffidence,  being  aware  that  the  observations  not 
only  differ  from  those  that  are  related  of  Mr.  Cheselden's  pa- 
tient, but  appear,  on  the  first  statement,  to  oppose  a  principle  in 
optics,  which  I  believe  is  commonly  and  justly  admitted,  that 
the  senses  of  sight  and  feeling  have  no  other  connection  than 
that  which  is  formed  by  experience;  and,  therefore,  that  the 
ideas  derived  from  feeling  can  have  no  power  to  direct  the  judg- 
ment, with  respect  either  to  the  distance  or  form  of  visible  ob- 
jects. It  should  be  recollected,  however,  that  persons  who  have 
cataracts  in  their  eyes,  arc  not,  in  strictness  of  speech,  blind, 
though  they  are  deprived  of  all  useful  sight.   The  instances  I 
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have  adduced  prove,  that  the  knowledge  they  have  of  colours  is 
sufficient  to  give  them  some  idea  of  distance,  even  in  their 
darkest  state.  W  hen,  therefore,  their  sight  is  cleared  by  the 
removal  of  the  opaque  crystalline,  which  intercepted  the  light, 
and  the  colour  of  objects  is  thereby  made  to  appear  stronger, 
will  it  be  difficult  or  unphilosophical,  to  conceive  that  their  ideas 
of  distance  will  be  strengthened,  and  so  far  extended  as  to  give 
them  a  knowledge,  even  of  the  outline  and  figure  of  those  ob- 
jects with  the  colour  of  which  they  were  previously  acquainted  ? 

The  case  which  I  have  here  related  appears  to  deserve  notice, 
not  only  on  account  of  the  observations  that  were  made  by  the 
patient  on  recovering  his  sight,  but  also  on  account  of  the  hint 
which  it  affords  to  surgeons,  relative  both  to  the  mode  in  which 
the  cataract  may  best  be  removed,  when  children  are  born  with 
this  disorder,  and  the  time  when  it  is  most  proper  to  perform 
the  operation. 

The  Baron  de  Wenzel,  in  his  ingenious  Treatise  on  the  Ca- 
taract, with  great  force  of  reasoning,  deduced  from  the  long  and 
successful  experience  of  his  father  and  himself,  recommends,  in 
all  cases  of  this  disorder,  without  making  any  exceptions,  the 
operation  of  extraction,  in  preference  to  that  of  depression  ;  and 
I  believe  it  is  now  generally  acknowledged  by  medical  men, 
that,  in  the  more  common  cases,  his  decision,  as  to  the  mode  of 
operating,  is  perfectly  well  founded.  The  Baron  admits  that 
the  operation  is  not  so  certain  a  cure  in  children  as  it  is  in  per- 
sons of  a  more  advanced  age ;  both  on  account  of  their  untract- 
ableness,  and  because,  in  them,  the  opacity  of  the  crystalline  is 
not  unfrequently  accompanied  with  an  opacity  in  the  capsule 
that  contains  it.  On  these  accounts,  when  children  are  born 
with  this  disorder,  he  advises  to  postpone  the  operation,  until  they 
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are  old  enough  to  be  made  sensible  of  the  loss  they  sustain  by  the 
want  of  sight,  and  have  firmness  of  mind  to  submit  patiently  to 
the  means  that  are  requisite  in  order  to  obtain  it.  Influenced  by 
this  opinion  of  the  Baron,  and  believing  the  operation  of  extrac- 
tion to  be  so  much  superior  to  that  of  depression,  that  the  latter 
ought  not,  on  any  occasion,  to  have  the  preference,  I  have  given 
advice,  in  the  cases  of  a  considerable  number  of  children  who  were 
born  with  this  disorder,  to  postpone  every  attempt  to  relieve  them, 
until  they  were  thirteen  or  fourteen  years  old.  Prior  to  this  time, 
it  did  not  appear  to  me  that  children  could  be  depended  upon 
to  submit,  with  due  steadiness,  to  the  repeated  introduction  of 
instruments,  which  is  sometimes  necessary  in  extracting  the  ca- 
taract ;  and,  even  at  this  age,  the  eyes  of  some  are  so  small,  and 
in  such  a  constant  rolling  motion,  that  it  is  almost  impossible 
properly  to  accomplish  the  operation.  The  Portuguese  lad, 
whose  case  has  been  related,  afforded  an  instance  of  this  kind; 
and  I  consider  it  as  a  fortunate  circumstance  that  it  came  under 
my  notice,  since,  in  some  degree,  it  may  be  said  to  have  obliged 
me  to  examine,  more  attentively  than  I  had  before  done,  the 
advantages  and  disadvantages  of  the  operation  of  depression; 
which  operation,  being  more  easy  to  perform  than  that  of  ex- 
traction, has  certainly  this  advantage  in  the  cases  of  children, 
(to  which  alone  I  here  advert,)  that  it  may  be  performed  with 
equal  safety  when  they  are  only  seven  years  of  age,  as  it  may 
at  any  subsequent  period  of  their  lives. 

It  is  well  known  that  the  late  Mr.  Pott,  who  published  his 
remarks  on  the  cataract  in  the  year  1775,  was  a  strenuous  ad- 
vocate for  this  operation ;  and,  though  he  appears  to  me  to  have 
much  under-rated  the  advantages  of  extraction,  it  must  be  al- 
lowed that  he  makes  many  just  and  highly  pertinent  observa- 
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tions  on  the  use  of  the  couching  needle,  in  those  cases  where 
the  cataract^  soft,  or  fluid.  Mr.  Pott  considered  this  as  a  very 
common  state  of  the  disorder ;  and  does  not  make  any  distinc- 
tion between  the  cataract  when  it  attacks  grown  persons,  and 
when  children  are  born  with  it.  In  the  former  case,  experience 
inclines  me  to  believe,  that  the  cataract  is  very  rarely  fluid, 
or  even  soft;  whereas,  in  the  latter,  I  have  always  found  it, 
agreeable  to  the  observation  of  the  Baron  de  Wenzel,  in  one 
or  other  of  these  states.  Although,  therefore,  in  the  case  of 
grown  persons,  the  operation  of  extraction  appears  to  me  to  have 
very  great  advantages  over  that  of  depression,  yet,  in  the  case 
of  children,  I  can  readily  accede  to  almost  the  whole  that  Mr. 
Pott  advances  in  favour  of  depression.  If  the  couching  needle 
be  passed  in  the  way  in  which  it  is  usually  introduced  to  de- 
press the  cataract,  and  thereby  a  large  aperture  be  made  in  the 
Capsule  of  the  crystalline,  (which  operation  may  be  performed 
with  perfect  safety,  and  with  very  little  pain  to  the  patient, 
whilst  the  eye  is  fixed  with  a  speculum  oculi,)  the  opaque  crys- 
talline, being  thus  brought  into  contact  with  the  aqueous  and 
vitreous  humours,  will,  in  a  shorter  or  longer  space  of  time, 
according  to  its  degree  of  softness,  be  absorbed ;  and,  if  there 
be  not  an  opacity  in  the  capsule,  as  well  as  in  the  crystalline, 
the  pupil  will  become  clear,  and  the  patient  will  acquire  a  very 
useful  sight.  If,  in  addition  to  the  opacity  of  the  crystalline,  the 
capsule  be  also  opaque,  and,  in  consequence  of  this,  the  opera- 
tion do  not  prove  successful,  the  eye  will  nevertheless  be  per- 
fectly uninjured,  and  it  will  be  as  fit,  at  a  subsequent  period,  to 
have  the  capsule  extracted,  as  it  would  have  been  if  no  attempt 
of  the  above  kind  had  been  previously  made. 
mdccci.  3  E 
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From  the  foregoing  observations,  I  flatter  myself  I  shall  be 
justified  in  deducing  the  following  inferences.  i;* 

First,  When  children  are  born  blind,  in  consequence  of  ha- 
ving cataracts  in  their  eyes,  they  are  never  so  totally  deprived 
of  sight  as  not  to  be  able  to  distinguish  colours ;  and,  though 
they  cannot  see  the  figure  of  an  object,  nor  even  its  colour,  un- 
less it  be  placed  within  a  very  short  distance,  they  nevertheless 
can  tell  whether,  when  within  this  distance,  it  be  brought  nearer 
to,  or  carried  farther  from  them. 

Secondly,  In  consequence  of  this  power,  whilst  in  a  state  of 
comparative  blindness,  children  who  have  their  cataracts  re- 
moved, are  enabled,  immediately  on  the  acquisition  of  sight,  to 
form  some  judgment  of  the  distance,  and  even  of  the  outline,  of 
those  strongly  defined  objects  with  the  colour  of  which  they 
were  previously  acquainted. 

Thirdly,  When  children  have  been  born  with  cataracts,  the 
crystalline  humour  has  generally,  if  not  always,  been  found 
either  in  a  soft,  or  fluid  state.  If,  therefore,  it  be  not  accom- 
panied with  an  opacity,  either  in  the  anterior  or  posterior  por- 
tion of  the  capsule,  and  this  capsule  be  largely  punctured  with 
the  couching  needle,  introduced  in  the  way  in  which  this  in- 
strument is  usually  employed  to  depress  the  cataract,  there  is 
reason  to  expect  that  the  opaque  matter  will,  sooner  or  later, 
be  absorbed,  the  pupil  become  clear,  and  the  sight  be  restored. 

Fourthly,  If,  in  addition  to  the  opacity  of  the  crystalline 
humour,  its  capsule  be  also  opaque,  either  in  its  anterior  or  pos- 
terior portion,  or  in  both,  (which  circumstance  cannot  be  ascer- 
tained before  the  operation,)  and,  in  consequence  of  this,  the 
operation  above  mentioned  should  not  prove  successful,  it  will 
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not  preclude  the  performance  of  extraction  afterwards,  if  this 
be  thought  adviseable. 

Fifthly,  The  operation  above  mentioned  being  much  more 
easy  to  perform  than  that  of  extraction,  and  it  being  possible  to 
fix  the  eye  with  perfect  safety  during  its  performance,  by  means 
of  a  speculum  oculi,  it  may  be  undertaken  at  a  much  earlier  age 
than  the  latter  operation ;  and  a  chance  may  of  course  be  given 
to  the  patient,  of  receiving  instruction,  without  that  loss  of  time 
which  has  usually  been  thought  unavoidable,  when  children  are 
bora  with  this  disorder,* 

*  It  ought  to  be  mentioned,  that  about  a  month  after  the  above  mentioned  operation 
on  Master  W.'s  left  eye,  I  performed  a  similar  operation  on  the  right  eye  of  the  same 
young  gentleman.  Although  he  behaved  with  great  firmness  oi)  the  first  occasion,  it 
was  not  without  considerable  difficulty  that  his  head  was  kept  steady  on  the  second. 
The  operation,  however,  gave  him  very  little  pain,  and  no  inflammation  followed ;  but 
the  opacity  afterwards  was  not  diminished ;  and  he  did  not  acquire  any  additional  sight 
from  this  eye.  There  was  an  evident  mark  in  that  part  of  the  capsule  where  the  couch- 
ing needle  pierced  it;  though  the  aperture  was  too  small  to  admit  a  sufficient  number 
of  rays  of  light  to  give  an  idea  of  objects.  It  seems  probable  that  the  want  of  success, 
in  this  instance,  was  owing  to  an  opacity  in  the  capsule,  which  was  incapable  of  being 
absorbed.  The  eye,  however,  is  as  fit  to  have  the  aperture  in  the  capsule  enlarged,  or 
a  portion  of  it  removed,  when  the  patient  is  of  a  proper  age,  as  if  no  operation  had  been 
previously  performed. 

I  beg  leave  also  to  add,  that  since  these  pages  were  put  together,  a  case  has  come 
under  my  care,  which  seems  to  afford  a  confirmation  of  the  remarks  that  have  been 
offered  respecting  the  state  of  the  cataract  in  children,  and  the  effects  that  are  likely 
to  be  produced  by  the  operation  of  puncturing  the  capsule  that  contains  it.  A  young 
lady,  eighteen  years  old,  was  put  under  my  care,  who  had  been  blind  from  an  early 
part  of  her  infancy.  She  had  a  cataract  completely  formed  in  both  eyes ;  and  in  each 
there  were  three  or  four  opaque  spots,  more  white  than  the  rest,,which  seemed  to  lie 
on  the  surface  of  the  opaque  crystalline.  I  punctured  the  capsule  of  each  with  a 
couching  needle,  according  to  the  proposition  in  the  preceding  pages,  in  the  presence 
of  Mr.  Scott,  surgeon,  in  St.  Alban*s-street.  The  operation  gave  her  no  pain ;  and, 
in  the  course  of  a  few  days,  the  opacity  was  evidently  diminished,  particularly  in  the  right 
eye,  the  patient  discovering  the  colour  of  objects  more  plainly  than  before,  but  being  still 
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unable  to  distinguish  their  figure.  At  the  end  of  a  month*  finding  no  further  improve- 
ment in  her  vision,  it  appeared  to  me  most  probable  that  the  remaining  opacity  was  situ- 
ated  in  the  capsules.  I  therefore  determined  to  extract  either  a  part  or  the  whole  of  each 
of  them.  The  incisions  of  the  cornea  were  made  in  the  usual  manner ;  after  which,  I 
punctured  the  anterior  parts  of  both  the  capsules  with  the  sharp  end  of  a  gold  curette. 
The  punctures  became  immediately  transparent,  without  affording  an  issue  to  the  liquor 
Meibomii,  or  any  other  humour.  From  hence  it  seems  evident,  that  nothing  was  con- 
tained within  the  capsules,  or,  in  other  words,  that  the  crystalline  humours  were  absorbed; 
and  it  appears  to  me  highly  probable,  that  their  absorption  had  been  occasioned  by  the 
previous  operation  of  puncturing  their  capsules  with  the  couching  needle.  I  dilated  the 
new  punctures  with  the  end  of  the  curette  ;  and  afterwards,  being  still  afraid  that  the 
apertures  in  the  capsules  might  not  be  large  enough  to  admit  a  sufficient  number  of 
the  rays  of  light,  I  removed  a  portion  of  each  of  them  with  a  small  forceps.  This  was 
accomplished  in  the  left  eye,  without  occasioning  the  discharge  of  any  part  of  the 
vitreous  humour ;  and,  in  the  right,  the  quantity  of  this  humour  that  came  away  was 
very  small.  In  the  course  of  a  week,  the  inflammation  that  followed  the  operation 
•was  nearly  removed  ;  a  large  portion  of  both  pupils  was  quite  clear ;  and  the  young 
lady  distinguished  objects  with  quickness  and  precision. 
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XX.  An  Account  of  some  Galvanic  Combinations,  fortned  by  the 
Arrangement  of  single  metallic  Plates  and  Fluids,  analogous 
to  the  nezv  Galvanic  Apparatus  of  Mr.  Volta.  By  Mr. 
Humphry  Davy,  Lecturer  on  Chemistry  in  the  Royal  In- 
stitution. Communicated  by  Benjamin  Count  of  Rumford, 
V.P.KS. 

Read  June  18,  1801. 

I.  All  the  Galvanic  combinations  analogous  to  the  new 
apparatus  of  Mr.  Volta,  which  have  been  heretofore  described 
by  experimentalists,  consist  (as  far  as  my  knowledge  extends) 
of  series  containing  at  least  two  metallic  substances,  or  one 
metal  and  charcoal,  and  a  stratum  of  fluid.  And  it  has  been 
generally  supposed,  that  their  agencies  are,  in  some  measure, 
connected  with  the  different  powers  of  the  metals  to  conduct 
electricity.  But  I  have  found  that  an  accumulation  of  Galvanic 
influence,  exactly  similar  to  the  accumulation  in  the  common 
pile,  may  be  produced  by  the  arrangement  of  single  metallic 
plates,  or  arcs,  with  different  strata  of  fluids. 

The  train  of  reasoning  which  led  to  the  discovery  of  this  fact, 
was  produced  by  the  observation  of  some  phenomena  relating 
to  the  connection  of  chemical  changes  with  the  evolution  of 
Galvanic  power. 

It  appeared,  in  several  experiments,  that  series  of  double  me- 
tallic plates,  incapable  of  acting  as  Galvanic  combinations,  when 
arranged  in  the  proper  order,  with  portions  of  water,  were  rea- 
dily made  to  produce  Galvanic  effects,  by  being  alternated  with 
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acids,  or  other  fluids  capable  of  oxidating  one  only  of  the  metals 
of  the  series.  Thus,  double  plates,  composed  of  silver  and  gold, 
(metals  which  have  been  supposed  to  differ  very  little  in  their 
powers  of  conducting  electricity,)  produced  Galvanic  action, 
when  placed  in  contact,  in  the  common  order,  with  cloths 
moistened  in  diluted  nitric  acid.  And  copper  and  silver  acted 
powerfully  with  nitrate  of  mercury. 

These  facts  induced  me  to  suppose,  that  the  alternation  of 
two  metallic  bodies  with  fluids,  was  essential  to  the  production 
of  accumulated  Galvanic  influence,  only  so  far  as  it  furnished 
two  conducting  surfaces  of  different  degrees  of  oxidability ;  and 
that  this  production  would  take  place,  if  single'  metallic  plates 
could  be  connected  together  by  different  fluids,  in  such  a  man-* 
ner  that  one  of  their  surfaces  only  should  undergo  oxidation, 
the  arrangement  being  regular. 

On  this  supposition,  I  made  a  number  of  experiments  on  dif- 
ferent arrangements  of  single  metals  and  fluids ;  and,  after  many 
various  processes,  I  was  enabled  to  ascertain,  that  many  of  these 
arrangements  could  be  made  active,  not  only  when  oxidations, 
but  likewise  when  other  chemical  changes  were  going  on  in 
some  of  their  parts. 

In  describing  the  different  Galvanic  combinations  formed  by 
single  metallic  plates  and  fluids,  I  shall  divide  them  into  three 
classes,  following,  in  the  arrangement,  the  order  of  time  with 
regard  to  discovery. 

II.  The  first  and  most  feeble  class  is  composed,  whenever 
single  metallic  plates,  or  arcs,  are  arranged  in  such  a  manner 
that  two  of  their  surfaces,  or  ends  opposite  to  each  other,  are  in 
contact  with  different  fluids,  one  capable,  and  the  other  inca- 
pable, of  oxidating  the  metal.    In  this  case,  if  the  series  are 
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numerous,  and  in  regular  alternation,  Galvanic  influence  will 
be  accumulated,  analogous,  in  all  its  effects,  to  the  influence  of 
the  common  pile. 

Tin,  zinc,  and  some  other  easily  oxidable  metals,  act  most 
powerfully  in  this  class  of  combinations. 

If  pieces  of  polished  tin,  about  an  inch  square  and  of  an 
inch  thick,  be  connected  with  woollen  cloths  of  the  same  size, 
(moistened,  some  in  water,  and  some  in  diluted  nitrous  acid,)  in 
the  following  order,  tin,  acid,  water,  and  so  on,  till  twenty  series 
are  put  together,  a  feeble  Galvanic  battery  will  be  formed, 
capable  of  acting  weakly  on  the  organs  of  sense,  and  of  slowly 
producing  the  common  appearances  in  water;  the  wire  from 
the  oxidating  surface  of  the  plates  evolving  hydrogen;  and 
the  wire  from  the  non-oxidating  surface  (when  of  silver)  depo- 
siting oxide. 

In  all  cases,  when  the  batteries  of  the  first  class  are  erected 
perpendicularly,  the  cloth  moistened  in  acid  must  be  placed 
under  the  cloth  moistened  in  water ;  and,  in  this  arrangement, 
as  the  acid  is  specifically  heavier  than  water,  little  or  no  mixture 
of  the  fluids  will  take  pi  ace. 

When  zinc  is  employed,  on  account  of  its  rapid  oxidation  in 
water  containing  atmospheric  air,  three  cloths  should  be  used ; 
the  first  moistened  in  weak  solution  of  sulphuret  of  potash, 
(which  is  possessed  of  no  power  of  action  upon  zinc,  and  which 
prevents  it  from  acting  upon  the  water;)  the  second  moistened 
in  a  solution  of  sulphate  of  potash,  of  greater  specific  gravity 
than  the  solution  of  sulphuret ;  and  the  third  wetted  in  an  oxi- 
dating fluid  specifically  heavier  than  either  of  the  solutions.  In 
this  case,  if  the  order  be  as  follows,  zinc,  oxidating  solution,  solu- 
tion of  sulphate  of  potash,  solution  of  sulphuret  of  potash,  very' 
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little  mixture  of  the  fluids,  or  chemical  action  between  them, 
will  take  place :  and  an  alternation  of  twelve  series  of  this  kind, 
forms  a  battery  capable  of  producing  sensible  effects. 

III.  The  second  class  of  Galvanic  combinations  with  single 
plates  is  formed,  when  plates,  or  arcs,  composed  of  a  metallic 
substance  capable  of  acting  upon  sulphurated  hydrogen,  or  upon 
sulphurets  dissolved  in  water,  are  formed  into  series,  with  por- 
tions of  a  solution  of  sulphuret  of  potash,  and  water,  in  such  a 
manner  that  one  side  of  every  plate,  or  arc,  is  in  contact  with 
water,  whilst  the  opposite  side  is  acted  on  by  the  solution  of 
sulphuret.  Under  these  circumstances,  when  the  alternation  is 
regular,  and  the  number  of  series  sufficiently  great,  Galvanic 
power  is  evolved ;  and  water,  placed  in  the  circuit  with  silver 
wires,  is  acted  on  ;  oxide  being  deposited  on  the  wire  connected 
with  the  side  of  the  plate  undergoing  chemical  alteration,  whilst 
hydrogen  is  evolved  from  the  side  in  contact  with  water. 

Silver,  copper,  and  lead,  are  each  capable  of  forming  this  com- 
bination. Plates  made  from  either  of  those  metals,  may  be  ar- 
ranged with  cloths,  (moistened,  some  in  water,  and  others  in 
solution  of  sulphuret  of  potash,)  in  the  following  order,  metal, 
cloth  moistened  in  sulphuret  of  potash,  cloth  moistened  in  water, 
and  so  on. 

Eight  series  will  produce  sensible  effects ;  and  the  wire  from 
the  top  of  the  pile  produces  oxide. 

Copper  is  more  active,  in  this  class  of  batteries,  than  silver; 
and  silver  more  active  than  lead. 

IV.  The  third  and  most  powerful  class  of  Galvanic  batteries, 
constructed  with  fluids  and  single  metals,  is  formed,  when  me- 
tallic substances  oxidable  in  acids,  and  capable  of  acting  on 
solutions  of  sulphurets,  are  connected,  as  plates,  with  oxidating 
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fluids  and  solutions  of  sulphuret  of  potash,  in  such  a  manner 
that  the  opposite  sides  of  every  plate  may  be  undergoing  diffe- 
rent chemical  changes ;  the  mode  of  alternation  being  regular. 

The  same  metals  that  act  in  the  second  class,  may  be  used  in 
the  third  class ;  and  the  order  of  their  powers  is  similar.  The 
pile  may  be  erected  in  the  same  manner  as  the  pile  with  zinc  in 
the  first  class;  the  cloths  moistened  in  acid  being  separated 
from  those  moistened  in  solution  of  sulphuret,  by  a  third  cloth, 
soaked  in  solution  of  sulphate  of  potash. 

Three  plates  of  copper,  or  silver,  arranged  in  this  manner, 
in  the  just  order,  produce  sensible  effects ;  and  twelve  or  thir- 
teen series  are  capable  of  giving  weak  shocks,  and  of  rapidly 
producing  gas  and  oxide  in  water;  the  wire  connected  with  the 
oxidating  end  of  the  apparatus  evolving  hydrogen;  and  the 
wire  attached  to  the  end  acting  on  the  sulphuret,  depositing 
oxide  when  composed  of  silver,  and  generating  oxygen  when  of 
gold. 

V.  In  all  the  single  metallic  piles  constructed  with  cloths,  the 
action  is  very  transient :  the  decomposition  of  the  acids,  and  of 
the  sulphurets,  is  generally  completed  in  a  few  minutes ;  and, 
in  consequence,  the  Galvanic  influence  ceases  to  be  evolved. 
The  arrangement  of  all  the  different  series  may,  however,  (by 

■ 

means  of  an  apparatus  constructed  after  the  ideas  of  Count 
Rumford,)  be  made  in  such  a  manner  as  to  give  considerable 
permanency  to  their  effects.  This  apparatus  is  a  box,  covered 
with  cement  incapable  of  conducting  electricity,  and  composed 
of  three  pieces  of  mahogany,  each  containing  grooves  capable 
of  receiving  the  edges  of  the  different  plates  proper  for  com- 
posing the  series.  One  half  of  these  plates  must  be  composed 
of  horn,  or  glass,  and  the  other  half  of  metallic  substances ;  and 
mdccci.  3  F 
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the  conductors  of  electricity,  and  the  non-conductors,  must  be 
alternately  cemented  into  the  grooves,  so  as  to  form  water-tight 
cells. 

When  the  apparatus  is  used,  these  cells  are  filled,  in  the 
Galvanic  order,  with  different  solutions,  according  to  the 
class  of  the  combination  ;  and  connected  in  pairs  with  each 
other,  by  slips  of  moistened  cloth,  carried  over  the  non-con- 
ducting plates. 

A  combination  of  fifty  copper-plates,  arranged  in  this  manner, 
with  weak  solutions  of  nitrous  acid,  or  nitrate  of  ammoniac,  and 
sulphuret  of  potash,  gives  pretty  strong  shocks,  rapidly  evolves 
gas  from  water,  and  affects  the  condensing  electrometer. 

It  does  not  lose  its  power  of  action  for  many  hours,*  and,  when 
this  power  is  lost,  it  may  be  restored  by  the  addition  of  small 
quantities  of  concentrated  solutions  of  the  proper  chemical  agents 
to  the  fluids  in  the  different  cells. 

From  two  experiments  made  on  copper  and  silver,  it  would 
appear,  that  the  single  metallic  batteries  act  equally  well,  when 
the  metals  made  use  of  are  slightly  alloyed,  and  when  they 
are  in  a  state  of  purity. 
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the  Light  which  is  spontaneously  emitted from  various  Bodies;* 
with  some  Experiments  and  Observations  on  solar  Light,  when 
imbibed  by  Canton's  Phosphorus.  By  Nathaniel  Hulme,  M,  D, 
F.  R.  S.  and  A.  S. 

Read  June  18,  1801. 

SECTION  XL 
The  Effects  of  various  aerial  Fluids  on  spontaneous  Light. 

INTRODUCTION. 

The  apparatus  employed  for  experiments  with  any  kind  of 
air,  unless  otherwise  expressed,  consisted  of  the  following  parts : 
1.  A  tea-saucer,  holding  about  three  ounces  of  water,  a.  A  wide- 
mouthed  phial,  which  would  contain  about  ten  ounces  of  liquid. 
3.  A  small  wooden  stand,  composed  of  a  slender  pillar  or  pin,  nearly 
four  inches  high,  fixed  into  a  round  base,  a  little  more  than  an 
inch  in  diameter,  and  half  an  inch  thick.  This  stand  was  fastened 
by  strong  thread  to  the  middle  of  a  piece  of  flat  lead,  such  as 
lines  Chinese  tea-chests,  having  holes  in  it  to  admit  the  thread ; 
the  lead  was  about  three  inches  square,  and  doubled,  to  give  it 
weight  and  stability.  The  top  of  the  pillar  was  made  pointed ; 
and  a  round  piece  of  cork,  about  an  inch  in  diameter  and  half 
an  inch  thick,  was  fixed  upon  it,  by  means  of  a  superficial  hole 
bored  in  its  under  part  with  a  gimlet. 

•  Sec  Phil.  Trans,  for  1800,  page  161. 
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When  the  whole  apparatus  was  put  in  use,  the  phial  was 
filled  with  cold  pump  water,  in  a  pneumatic  tub,  then  inverted, 
and  the  species  of  air  to  be  employed  was  let  up  into  it,  to 
the  quantity  of  about  eight  ounces.  The  subject  for  experi- 
ment being  applied  to,  or  fastened  upon,  the  top  of  the  cork, 
the  stand  was  placed  on  the  tea-saucer,  and  then  introduced,, 
under  water,  into  the  phial  containing  the  air.  The  whole  ap- 
paratus, being  now  supported  by  the  tea-saucer,  with  water  in 
it,  was  deposited  in  the  laboratory  for  experiments  on  light.  By 
this  contrivance,  the  experiments  were  made  in  about  eight 
ounces  of  air,  by  measure,  confined  above  two  ounces  of  water. 

The  Effects  of  common  or  atmospherical  Air  on  spontaneous  Eight. 

EXPERIMENTS. 

Exper.  i.  Two  fresh  herrings  were  hung  up  together  in  the 
laboratory,  so  as  to  touch  each  other  at  their  flat  sides  ;  and  it 
was  observed  that  the  parts  in  contact  remained  dark,  while 
those  exposed  to  the  open  air  became  very  luminous. 

Exper.  i.  Another  fresh  herring  was  laid  upon  a  piece  of 
thick  brown  paper,  and  placed  in  the  laboratory.  On  examina- 
tion, the  next  evening,  the  upper  part,  which  was  exposed  to 
the  air,  was  very  lucid  ;  but  the  underside,  lying  upon  the  paper, 
remained  quite  dark. 

Exper.  3.  A  luminous  herring  was  divided  transversely  quite 
through  its  middle  fleshy  part;  but  the  inside  was  perfectly  dark. 
On  the  following  night,  that  which  before  was  dark  had  become 
luminous. 
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Exper.  4.  At  9  P.  M.  a  piece  of  fresh  herring,  of  about  three/ 
drams  in  weight,  was  introduced  above  water,  into  about  eight 
ounces  of  atmospherical  air.  On  the  second  night  it  was  be- 
come luminous ;  on  the  third  and  fourth,  it  continued  shining; 
and  on  the  fifth  the  light  was  extinguished.  This  experiment 
was  frequently  repeated,  with  both  the  flesh  of  herring  and 
of  mackerel,  and  nearly  with  the  same  result. 

Exper.  5.  The  cork  of  the  apparatus  was  well  smeared  with 
the  luminous  matter  of  a  mackerel,  and  then  introduced  above 
water.  It  continued  to  shine  finely  all  that  evening?  and  the* 
light  was  not  quite  extinct  on  the  succeeding  night. 

Exper.  6.  Another  cork  was  illuminated  with  herring-light, 
at  half  an  hour  past  six  P.  M.  and  introduced  above  water.  It 
remained  very  bright  at  eleven  ;  and  retained  a  glimmering  light 
the  next  evening.  The  two  last  experiments  were  often  repeated, 
and,  in  general,  with  similar  effects.  It  may  not,  however,  be 
improper  to  observe,  that  the  illumination  of  the  cork  did  not 
always  continue  so  long  as  twenty-four  hours;  for  it  must, 
of  course,  vary  according  to  the  quantity  of  luminous  matter 
applied,  and  its  degree  of  brilliancy. 

Exper.  7.  A  large  piece  of  rotten  wood  was  received  from  the 
country,  which  shone  only  in  one  place.  The  luminous  portion 
was  sawed  off  for  use,  and  the  dark  part  left  in  the  laboratory. 
On  going  into  the  laboratory,  the  second  night  after  this  opera- 
tion, I  was  surprised  to  see  the  dark  piece,  which  had  been  left 
there,  very  lucid  in  several  places  where  small  splinters  had 
been  broken  off  in  sawing ;  many  shining  fragments  also  lay 
scattered  on  the  floor. 

Exper.  8.  A  quantity  of  rotten  wood,  moderately  shining, 
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was  blown  upon  for  some  time  with  a  pair  of  bellows;  but  I 
could  not  perceive  that  this  had  any  effect  on  the  light,  so  as  to 
render  it  more  vivid. 

Exper.  q.  A  small  piece  of  shining  wood  was  tied  upon  one 
of  the  corks  of  the  apparatus,  and  introduced  above  water,  where 
it  continued  lucid  until  the  fifth  night.  In  another  experiment, 
the  light  was  extinguished  on  the  fourth  night ;  and  in  a  third 
much  sooner. 

Exper.  10.  A  living  glow-worm,  in  a  shining  state,  was 
submitted  to  the  action  of  a  pair  of  bellows;  but  the  con- 
tinuance of  the  blast  did  not  apparently  increase  its  glowing 
quality. 

Exper.  11.  A  very  luminous  dead  glow-worm  was  fixed  upon 
a  cork  of  tiie  apparatus,  by  means  of  a  small  pin,  and  then  put 
into  the  phial,  above  water.  It  continued  to  shine  as  vividly  as 
it  did  when  in  the  open  air,  forming  a  pure  white  light,  of  a 
circular  shape. 

OBSERVATIONS. 

Obs.  1.  These  experiments  prove,  that  objects  which  abound 
with  spontaneous  light  in  a  latent  state,  such  as  the  herring, 
mackerel,  and  the  like,  do  not  emit  it  when  deprived  of  life,  ex- 
cept from  such  parts  as  have  been  some  time  in  contact  with 
the  air. 

Obs.  2.  They  likewise  show,  that  the  blast  of  a  pair  of  bellows 
docs  not  increase  this  species  of  light,  as  it  does  that  which  pro- 
ceeds from  combustion. 
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♦ 

§  »• 

The  Effects  of  oxygen  Gas  or  vital  Air*  on  spontaneous  Light. 

EXPERIMENTS. 

Exper.  1.  A  piece  of  fresh  herring,  of  about  three  drams 
weight,  was  introduced  above  water,  into  eight  ounces  of  oxy- 
gen gas.  On  the  second  night  it  was  observed  to  be  faintly 
luminous;  on  the  third,  the  quantity  of  light  was  increased ; 
on  the  fourth,  it  continued  nearly  in  the  same  state;  and  on 
the  fifth  the  light  was  diminished. 

Exper.  2.  A  piece  of  very  fresh  mackerel,  of  the  same  mag- 
nitude, was  also  put  above  water.  On  the  subsequent  even- 
ing it  was  pretty  lucid,  and  continued  the  same  on  the  night 
following. 

Exper.  3.  At  9  P.  M.  a  cork,  finely  illuminated  with  mackerel- 
light,  was  introduced  above  water :  it  continued  very  lucid  at 
eleven.   On  the  next  evening  it  was  dark. 

Exper.  4.  Another  cork,  rendered  luminous  with  the  same 
kind  of  light,  was  put  above  water  at  10  P.  M.  The  next  morn- 
ing, at  six  o'clock,  only  a  glimmer  of  light  was  perceived,  and 
at  10  P.  M.  it  was  extinct 

Exper.  5.  At  g  P.  M.  a  fragment  of  shining  wood  was  in- 
troduced above  water:  it  was  observed  to  be  still  very  lumi- 
nous at  eleven;  but  the  light  was  not  quite  so  vivid,  nor  so 
extended  in  breadth,  as  when  the  wood  was  put  in.  On  the 
succeeding  night,  at  eight  o'clock,  it  remained  faintly  lucid. 

Exper.  6.  A  little  after  8  P.  M.  another  fragment  of  wood, 

•  The  oxygen  gas  made  use  of  was  obtained  from  manganese,  by  means  of  leal. 
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shining  very  brightly,  was  introduced  above  water,  into  the  same 
air  that  was  used  in  the  last  experiment:  it  continued  very 
luminous  at  eleven;  but  the  light  was  diminished  in  quantity. 
On  the  next  evening  it  was  found  to  be  extinguished. 

Exper.  7.  The  same  air  was  employed  again  at  8  P.  M.  with 
a  pretty  large  and  thick  fragment  of  wood,  uncommonly  lucid  : 
its  light  continued  vivid  and  broad  at  half  an  hour  past  eleven. 
The  following  night,  at  eight  o'clock,  the  light  was  still  some- 
what extensive  and  bright. 

Exper.  8w  In  three  other  experiments  with  shining  wood,  in 
fresh  oxygen  gas,  the  light  was  totally  extinguished  in  the  space 
of  twenty-four  hours. 

Experiments  were  made,  at  the  same  time,  and  in  the  same 
manner,  with  atmospherical  air  and  shining  wood ;  but  it  was 
tiot  very  evident  that  the  wood  shone  more  vividly  in  the  latter 
air  than  it  did  in  the  oxygen  gas. 

Exper.  9.  A  living  glow-worm  was  put  into  a  two-ounce 
phial,  with  a  glass  stopple,  containing  pure  oxygen  gas>  and  kept 
therein  for  some  time.  It  was  then  taken  out,  and  exposed  to 
the  open  air;  but  no  difference,  either  in  the  brilliancy  or  the 
quantity  of  its  light,  could  be  discovered. 

Exper.  10.  A  luminous  dead  glow-worm  was  then  inclosed 
in  about  five  ounces  of  the  gas;  but  no  increase  of  its  shining 
quality  could  be  perceived. 

Exper.  11.  At  six  o'clock  P.  M.  a  shining  dead  glow-worm 
was  introduced  above  water  into  oxygen  gas:  it  continued 
very  lucid  therein  at  7  P.  M.  shewing  a  pure  white  light.  It 
was  then  taken  out,  and  put  above  water  into  atmospherical 
air,  where  it  shone,  to  all  appearance,  as  splendidly  as  it  did 
when  it  was  in  the  oxygen  gas. 
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OBSERVATION. 

It  appears,  from  these  experiments,  that  oxygen  gas  does  not 
act  upon  this  kind  of  light,  so  as  to  render  it  much  more  vivid 

than  it  is  in  atmospherical  air;  which  is  quite  contrary  to  what 
some  authors  have  alleged. 

§  in. 

The  Effects  of  azotic  Gas  on  spontaneous  Light. 

1 .  Azotic  Gas,  obtained  from  lean  muscular  Flcsb  and  diluted 
nitric  Acid,  in  a  very  low  Heat,  as  recommended  by  M.  de 

FoURCROY. 

EXPERIMENTS. 

Exper.  1.  A  piece  of  fresh  mackerel,  weighing  about  three 
drams,  was  introduced  above  water,  into  about  eight  ounces  of 
this  azotic  gas;  and  it  was  retained  therein  five  days,  without 
emitting  any  light. 

Exper.  2.  About  the  same  quantity  of  fresh  herring  was  then 
put  above  water,  into  the  same  gas  used  for  the  last  experiment, 
and  remained  in  it  for  the  space  of  three  days,  in  a  dark  state. 
This  experiment  was  repeated,  and  with  a  similar  result 

Exper.  3.  At  45  minutes  past  7  P.  M.  a  cork,  finely  illuminated 
with  mackerel-light,  was  put  above  water  into  the  gas,  and  it 
was  found  pretty  luminous  at  eleven.  On  the  next  evening,  at 
eight  o'clock,  it  still  exhibited  a  faint  degree  of  light. 

A  similar  experiment  was  made,  at  the  same  time,  in  atmo- 
spherical air.  At  11  P.  M.  the  cork  was  but  moderately  lumi- 
nous ;  and  on  the  next  evening  it  was  dark. 

MDCCCI.  3  G 


Digitized  by  Google 


410  Hulmf/s  Experiments  and  Observations 

Expcr.  4.  At  40  minutes  past  7  P.  M.  another  cork,  rendered 
very  luminous  with  herring-light,  was  introduced  above  water. 
This  cork,  at  1 1  P.  M.  was  not  found  so  lucid  as  that  in  the 
third  experiment.  On  the  next  evening,  a  glimmer  of  light  was 
still  perceptible. 

Expcr.  5.  A  fragment  of  very  shining  wood  was  introduced 
above  water,  into  this  gas;  and  it  was  rendered  dark  in  about 

I,  5  minutes. 

Exper.  6.  The  experiment  was  repeated ;  and  the  light  was 
again  extinguished  in  about  15  minutes.  In  another  experiment, 
it  was  extinguished  in  about  2,*;  minutes. 

II.  Atmospheric  Air  rendered  azotic,  by  burning  Spirit  oj  Wine 

in  it,  when  conjined  above  Water. 

Exper.  7.  A  portion  of  fresh  herring,  of  about  three  drams, 
was  put  above  water,  into  this  azotic  gas,  at  5  P.  M.  On  the 
second  evening,  a  spark  of  light  was  observable;  on  the  third, 
the  quantity  of  light  was  increased  ;  on  the  fourth,  it  was  again 
diminished. 

Exper.  8.  At  3  P.  M.  the  urual  quantity  of  herring  was  in- 
troduced above  water.  On  the  second  night,  it  remained  dark; 
on  the  third,  it  was  moderately  luminous;  on  the  fourth,  it  was 
less  so;  on  the  fifth,  the  light  was  extinct. 

Exper.  9.  A  piece  of  fresh  mackerel  was  next  put  above 
water,  at  1 1  A.  M.  On  the  second  evening,  it  was  found  to  be 
slightly  luminous;  it  remained  so  on  the  third;  on  the  fourth, 

...  J 

it  was  dark. 

Exper.  10.  Another  piece  of  fresh  mackerel  was  introduced 
above  water,  at  <j  P.  M.  On  the  second  night,  it  was  found 
to  be  slightly  luminous ;  but  on  the  third,  it  was  dark ;  and  no 
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more  light  was  emitted,  though  it  was  kept  in  the  gas  for  the 
space  of  four  days. 

Exper.  11.  A  cork,  made  very  luminous  with  herring-light, 
was  put  above  water,  into  this  gas,  at  20  minutes  past  8  P.  M. 
and  it  continued  very  lucid  at  eleven.  The  next  evening,  at  ten 
o'clock,  the  light  was  nearly  extinguished. 

A  similar  experiment  was  made,  at  the  same  time,  in  common 
atmospherical  air,  and  with  the  same  result. 

Exper.  12.  Another  cork  was  introduced  above  water,  with 
herring-light,  at  40  minutes  past  7  P.  M.  and  it  remained  pretty 
luminous  at  eleven.  On  the  following  night,  it  was  nearly 
extinct. 

III.   The  last  mentioned  azotic  Gas,  after  being  washed  with 

Lime  Water. 

Exper.  1 3.  A  piece  of  herring,  of  about  three  drams  weight, 
was  put  above  water,  into  this  azotic  gas,  at  5  P.  M.  On  the 
second  night,  it  was  dark;  on  the  third,  very  lucid;  and  on  the 

■ 

fourth,  the  same. 

Exper.  14.  The  experiment  was  repeated,  on  a  piece  of  her- 
ring, at  3  P.  M.  On  the  second  evening,  it  was  dark ;  on  the 
third,  pretty  luminous ;  on  the  fourth,  it  was  less  so ;  and  on 

t 

the  fifth,  only  a  faint  light  remained. 

Exper.  15.  A  portion  of  fresh  mackerel  was  then  put  above 
water,  at  1 1  A.  M.  On  the  second  night,  it  was  observed  to  be 
moderately  shining  ;  on  the  third,  the  light  was  extinct. 

Exper.  iff.  Another  piece  of  fresh  mackerel  was  introduced 
above  water,  at  3  P.  M.  On  the  second  evening,  it  was  slightly 
luminous ;  on  the  third,  it  was  dark,  and  continued  so  during 
the  four  succeeding  nights. 

3G  9 
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Exper.  17.  A  cork,  finely  illuminated  with  herring-light,  was 
next  introduced  above  water,  into  this  gas,  at  20  minutes  past  8 
P.  M.  The  light  was  much  diminished  at  45  minutes  past  8; 
at  11  the  cork  had  become  almost  dark.  On  the  following 
night,  a  glimmer  was  still  apparent. 

Exper.  18.  Another  cork,  made  very  luminous  with  herring- 
light,  was  put  above  water,  at  40  minutes  past  7  P.  M.  and  it 
continued  pretty  lucid  at  eleven.  On  the  next  evening,  the  light 
was  merely  visible. 

A  similar  experiment  was  made,  at  the  same  time,  in  atmo- 
spheric air,  and  with  nearly  the  same  effect. 

OBSERVATION. 

♦ 

It  is  a  remarkable  circumstance,  that  azotic  gas,  which  is 
incapable  of  supporting  light  from  combustion,  should  be  so 
favourable  to  the  spontaneous  light  which  is  emitted  from  fishes, 
as  to  preserve  its  existence  and  brilliancy  for  some  time,  when 
applied  upon  a  cork;  yet  that  it  should  prevent  the  flesh  of  the 
herring  and  the  mackerel  from  becoming  luminous,  and  also 
extinguish  the  light  proceeding  from  rotten  wood. 

§  iv. 

The  Effects  of  hydrogen  Gas  or  inflammable  Air*  on  spontaneous 

Light. 

*  .  ■ 

EXPERIMENTS. 

Exper.  1.  At  9  P.  M.  a  piece  of  fresh  herring,  weighing  about 
three  drams,  was  introduced  above  water,  into  hydrogen  gas. 

•  This  gis  was  obtained  from  zinc  and  diluted  sulphuric  acid. 
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It  was  retained  therein  three  days  and  three  nights,  without 
emitting  any  light  It  was  then  taken  out,  and  exposed  to  the 
action  of  atmospherical  air.  On  the  following  night  it  was  found 
to  be  luminous ;  but  was  dark  again  on  the  next  night. 

Exper.  2.  Another  piece  of  fresh  herring  was  put  above 
water,  at  6  P.  M.  This  was  also  kept  in  the  gas  the  same 
length  of  time,,  without  producing  any  light.  It  was  then  ex- 
posed to-  the  open  air,  and  inspected  two  successive  nights, 
but  it  remained  dark. 

Exper.  3.  The  same  experiment  was  then  made  with  a  piece 
of  mackerel,  which  was  taken  out  on  the  fourth  night,  without 
producing  any  shining  appearance.  The  next  evening,  it 
emitted  a  very  faint  light,  which  did  not  continue  twenty-four 
hours. 

Exper.  4.  A  cork,  brilliantly  illuminated  with  mackerel-light, 
was  introduced  above  water ;  and  the  light  was  extinguished  in 
about  the  space  of  an  hour. 

Exper.  5.  At  39  minutes  past  9  P.  M.  another  luminous  cork 
was  put  above  water ;  it  lost  some  of  its  light  pretty  soon,  but 
was  not  extinct  at  twelve. 

Exper,  6.  A  cork,  with  herring-light,  was  introduced  above 
water,  at  23  minutes  past  6  P.  M.  The  light  gradually  dimi- 
nished, and  was  only  faintly  visible  at  eleven. 

Exper.  7.  A  fragment  of  very  shining  wood  was  put  above 
water,  at  9  P.  M.  and  was  dark  at  eleven. 

Exper.  8.  Another  fragment  was  put  above  water,  at  40  mi- 
nutes past  8  P.  M.  at  50  the  light  was  much  diminished,  and  at 
8  minutes  past  9  the  shining  ceased.  The  wood  was  then  taken 
out,  and  exposed  to  the  open  air,  when  the  light  revived  in  a  very 
beautiful  manner. 
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Exper.  g.  A  piece  of  uncommonly  shining  wood  was  intro- 
duced above  water,  at  58  minutes  past  8  P.  M.  it  remained 
for  a  short  time  very  luminous,  but  at  25  minutes  past  9  the 
light  was  greatly  diminished ;  at  20  past  10  it  was  nearly  extin- 
guished ;  and  at  29  past  10  was  quite  dark.  It  was  then  exposed 
to  atmospheric  air,  and  the  light  revived  very  brightly. 

Exper.  10.  The  same  experiment  was  repeated,  at  35  minutes 
past  8  P.  M.  the  shining  property  was  much  diminished  at  9 ; 
and  at  10  it  was  very  faint.  The  next  evening,  it  continued 
merely  visible.  The  wood  was  now  taken  out,  and  the  light 
soon  revived  very  strongly.  The  following  night,  it  was  still 
moderately  lucid ;  but  on  the  next  evening  nearly  extinct 

Exper.  1 1 .  Finding,  by  the  above  experiments,  that  the  light 
of  shining  wood  was  extinguished  by  this  species  of  gas,  and 
restored  by  atmospheric  air,  the  following  three  trials  were 
made,  to  discover,  in  some  degree,  how  long  its  light  might  be 
kept  in  a  latent  state,  and  then  be  revived.  At  9  P.  M.  several 
fragments  of  shining  wood,  tied  up  in  a  piece  of  gauze,  were 
introduced  above  water,  into  the  hydrogen  gas,  and  the  light 
was  gradually  extinguished  during  that  evening.  They  were 
kept  there  in  that  dark  state  48  hours,  were  then  taken  out, 
and  exposed  to  the  open  air,  when,  after  a  little  time,  the  light 
re-appeared. 

Exper.  12.  On  the  2d  of  October,  another  fragment  of  ex- 
ceedingly shining  wood,  two  inches  and  an  half  long,  and  pretty 
thick,  was  put  above  water  in  the  evening,  and  its  light  was 
gradually  extinguished.  On  the  second  night,  it  was  taken  out 
perfectly  dark,  but  its  light  recovered  by  degrees,  and  became 
brilliant.  It  was  introduced  again,  that  evening,  into  the  same 
gas,  and  its  light  disappeared.  On  the  third  night,  it  was  again 
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exposed  to  the  open  air,  and  the  light  revived  as  before.  It  was 
then  reinstated  and  extinguished,  and  continued  in  a  dark  state, 
from  the  third  to  the  fifth  night,  when,  being  again  taken  out, 
it  soon  shone  in  a  pretty  vivid  manner.  It  was  again  intro- 
duced and  extinguished  as  usual ;  and  no  observation  was  made 
of  it,  from  some  accidental  circumstance  or  other,  until  the  10th 
of  November  in  the  evening,  when  it  was  taken  out,  and  ex- 
posed to  the  open  air  for  a  length  of  time,  but  the  light  did  not 
revive. 

Exper.  13.  A  third  fragment,  somewhat  larger  than  the  for- 
mer, and  equally  luminous,  was  put  above  water,  at  the  same 
time  as  the  one  in  the  last  experiment,  where  it  was  soon  de- 
prived of  its  light  It  was  retained  there,  in  a  dark  state,  from 
the  sd  of  October  till  the  10th  of  November;  it  was  then  taken 
out,  and  exposed  to  the  action  of  atmospherical  air,  for  several 
days,  but  there  was  no  return  of  light. 

Exper.  14.  About  7  P.  M.  a  shining  dead  glow-worm  was 
introduced  above  water  into  the  gas,  and  its  light  was  soon 
extinct.  It  was  then  exposed  to  the  open  air,  where,  in  a  very 
short  time,  it  shone  as  brightly  as  before. 

Exper.  15.  At  half  an  hour  past  9  P.  M.  the  same  glow-worm 
was  again  introduced  above  water;  when  its  light  in  a  short  time 
disappeared.  It  was  taken  out  for  exposure  to  common  air  at 
11,  and  its  glowing  property  was  immediately  restored.  It  was 
again  replaced  in  the  gas,  where  it  soon  lost  all  its  light  a  se- 
cond time,  and  was  kept  in  that  dark  state  for  24  hours ;  when 
taken  out,  it  continued  dark  for  a  little  time,  and  then  the  insect 
gradually  recovered  its  pristine  splendour. 
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■ 

OBSERVATION. 

From  these  experiments  we  learn,  that  hydrogen  gas,  in  general, 
prevents  the  emission  of  spontaneous  light,  and  also  extinguishes 
it  when  emitted ;  but,  at  the  same  time,  it  does  not  hinder  its 
quick  revival,  when  the  subject  of  the  experiment  is  again  ex- 
posed to  the  action  of  atmospherical  air ;  although  the  light 
may  have  been  a  considerable  time  in  an  extinguished  state. 

§  v- 

The  Effects  of  carbonic  Acid  Gas  or  fixed  Air*  on  spontaneous 

Light.  .  ..  t'.i  t '  i 

i 

EXPERIMENTS. 

Exper.  1.  At  10  P.  M.  a  piece  of  fresh  herring,  weighing 
about  three  drams,  was  suspended  in  a  wide-mouthed  ten-ounce 
phial,  filled  with  carbonic  acid  gas,  and  closed  with  a  cork  and 
bladder.  It  was  retained  there  for  three  successive  nights;  but 
emitted  no  light. 

Exper.  <i.  The  same  experiment  was  made  with  a  piece  of 
herring,  which  was  beginning  to  be  luminous.  On  the  next 
evening,  the  illumination  was  found  to  be  extinct:  nevertheless 
the  herring  was  still  kept  in  the  gas,  for  three  nights  longer, 

* 

but  did  not  become  lucid.  ,   .  . 

,,    ....  •  " 

Exper.  3.  At  7  P.  M.  a  piece  of  fresh  mackerel  was  intro- 
duced above  water,  into  a  wide-mouthed  bottle,  holding  24, 
ounces,  which  was  completely  filled  with  carbonic  acid  gas, 

•  This  gas  was  obtained  from  powdered  chalk,  or  marble,  and  diluted  sul- 
phuric acid. 
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and  supported  by  a  tea-saucer  that  held  about  three  ounces  of 
water.  On  the  second  night  it  was  dark,  and  continued  the 
same  on  the  third.  It  was  then  exposed  to  die  influence  of 
atmospherical  air,  and,  on  the  next  evening,  it  was  pretty 
luminous,  and  likewise  on  the  succeeding  night. 

Exper.  4.  At  9  P.  M.  a  cork,  smeared  with  the  luminous 
matter  of  a  mackerel,  was  put  into  a  five-ounce  wide-mouthed 
phial,  filled  with  carbonic  acid  gas,  and  then  closed  with  a  glass 
stopple.  It  continued  to  shine  pretty  vividly  for  some  little 
time;  then  the  light  gradually  diminished,  so  that  at  twelve, 
only  a  small  spark  remained. 

Exper.  5.  At  10  P.  M.  another  cork,  illuminated  with  mackerel- 
light,  was  introduced  above  water,  into  24  ounces  of  the  gas ; 
and  its  light  was  nearly  extinct  at  twelve. 

Exper.  6.  At  8  P.  M.  a  fragment  of  shining  wood  was  put 
above  water,  into  34  ounces  of  the  gas ;  and  it  had  not  been 
long  there  before  the  light  disappeared.  It  was  then  taken  out, 
and  exposed  to  the  action  of  atmospheric  air,  when  its  shining 
property  soon  returned. 

Exper.  7.  Another  fragment  of  brightly  shining  wood  was 
introduced  above  water,  into  the  same  quantity  of  the  gas,  at  10 
P.  M.  and  the  light  was  extinguished  in  the  space  of  an  hour. 
After  this,  it  was  exposed  to  the  open  air,  and  the  light  gra- 
dually revived. 

Exper.  8.  At  8  P.  M.  a  luminous  dead  glow-worm  was  put 
above  water  into  the  gas;  its  glowing  appearance  gradually 
faded,  and  in  a  short  time  became  quite  invisible.  It  was  then 
taken  out,  and  the  light,  by  degrees,  re-appeared  as  vivid  as 
betore. 
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OBSERVATION.  ,  ,  U  >  * 

This  gas,  we  find,  has  also  an  extinguishing  property,  with 
respect  to  spontaneous  light;  but,  in  general,  the  light  returns, 
if  the  object  of  experiment  be  taken  out,  and  exposed  to  the 
open  air.  r>MxZ 

§  vi. 

The  Effects  of  sulphurated  hydrogen  Gas*  on  spontaneous  Light. 


r.  ■■ 


EXPERIMENTS. 

Exper.  l.  At  noon,  a  piece  of  a  very  fresh  mackerel,  with 
a  bright  eye,  was  introduced  above  water,  into  24  ounces 
of  this  gas,  and  was  retained  therein  for  three  successive 
evenings,  without  emitting  any  light.  It  was  then  exposed  to 
atmospheric  air;  yet  it  continued  dark  on  the  two  following 
nights:  but,  on  the  third,  it  was  very  luminous,  and  remained 
so  on  the  fourth  and  fifth. 

Exper.  ».  The  same  experiment  was  then  made  with  a  piece 
of  fresh  herring,  which  was  also  kept  in  the  above  gas,  for 
about  three  nights,  without  being  luminous.  After  exposure  to 
common  air,  it  did  not  emit  any  light  during  the  first  24  hours. 
However,  on  the  subsequent  night,  it  began  to  shine,  had  a  very 
bright  light  on  the  following  evening,  and  continued  shining  for 
several  succeeding  nights. 

Exper.  3.  A  cork,  smeared  with  the  luminous  matter  of  a 
herring,  was  put  above  water,  into      ounces  of  the  gas ;  and 

•  This  gas  was  oltiined  from  sulphurct  of  pota.h  ami  diluted  muriatic  acid. 
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the  light  was  extinguished  in  less  than  an  hour.  The  experiment 
was  repeated  in  the  same  gas,  and  with  the  same  result. 

Exper.  4.  A  cork,  illuminated  with  mackerel-light,  was  intro- 
duced into  the  same  quantity  of  gas ;  and  was  dark  in  half  an 
hour. 

Exper.  5.  A  fragment  of  shining  wood,  being  put  into  the 
gas,  became  dark  in  eight  minutes.  A  second  piece  became 
dark  in  five  minutes.  They  were  then  taken  out,  and  conti- 
nued dark  all  that  evening.  On  the  next  evening,  one  of  the 
pieces  was  uncommonly  lucid. 

Exper.  6.  At  10  P.  M.  another  fragment  of  brightly  shining 
wood  was  introduced  above  water,  into  24  ounces  of  the  gas, 
and  was  extinct  at  eleven.  It  was  then  exposed  to  the  open  air; 
but  there  was  no  return  of  light  that  evening.  On  the  follow- 
ing night,  it  was  found  pretty  luminous. 

Exper.  7.  A  finely  shining  dead  glow-worm  was  next  put 
above  water,  into  this  gas,  and  its  light  was  quickly  extin- 
guished. In  a  second  experiment,  in  the  same  gas,  the  light 
was  much  slower  in  its  extinction.  In  both  instances,  after  the 
insect  was  withdrawn,  and  placed  in  atmospheric  air,  the  light 
gradually  revived. 

OBSERVATION. 

It  is  apparent,  by  these  experiments,  that  sulphurated  hydro- 
gen gas  extinguishes  spontaneous  light  much  sooner  than  car- 
bonic acid  gas,  and  that,  in  general,  the  light  returns  much  more 
slowly,  when  the  subject  is  exposed  to  atmospheric  air. 
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§  vii. 

The  Effects  of  nitrous  Gas*  on  spontaneous  Ught. 

EXPERIMENTS. 

Exper.  1.  A  piece  of  fresh  herring  was  introduced  above 
water,  into  this  gas,  at  3  P.  M.  and  remained  there  four  nights, 
without  emitting  any  light :  it  was  then  withdrawn,  and  ex- 
posed to  common  air,  for  the  space  of  three  nights ;  but  did  not 
become  lucid. 

Exper.  ».  The  same  experiment  was  made  with  a  piece  of 
herring  beginning  to  be  luminous ;  but  its  light  was  gradually 
extinguished :  k  was  detained  in  the  gas  for  three  nights,  and 
taken  out  dark.  It  was  then  exposed  to  the  open  air,  for  the 
three  subsequent  nights;  but  its  shining  appearance  did  not 
return. 

Exper.  3.  A  cork  with  luminous  matter,  introduced  above 
water,  into  this  species  of  gas,  had  ita  light,  in  general,  ex- 
tinguished in  from  10  to  30  minutes;  and,  when  taken  into 
common  air,  its  light  very  seldom  re-appeared. 

Exper.  4.  Fragments  of  shining  wood,  above  water,  in 
nitrous  gas,  were  likewise  commonly  rendered  dark  in  a  very 
short  space  of  time,  as  in  three  or  four  minutes ;  sometimes  a 
fragment,  if  uncommonly  luminous,  would  not  be  extinguished 
in  less  than  six  or  eight  minutes;  and  very  seldom  would  the 
light  revive,  on  exposing  the  wood  to  atmospherical  air. 

Exper.  5.  A  dead  shining  glow-worm  being  put  above 
water,  into  this  gas,  its  light  was  quickly  extinguished;  but, 
after  the  insect  was  taken  into  the  common  atmosphere,  the 

•  This  gas  was  obtained  from  copper  and  diluted  nitrous  acid. 
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light  gradually  returned.  The  experiment  was*  thrice  repeated, 
and  with  the  same  result. 

OBSEEVATION. 

This  species  of  gas,  we  observe  to  have  totally  prevented  tha 
emission  of  light,  and  to  have  quickly  extinguished  that  which 
had  been  emitted :  likewise  that  the  luminous  objects  which  had 
been  under  its  influence,  (except  the  glow-worm)  did  not  expe- 
rience a  revival  of  their  light,  when  taken  out,  and  kept  for  some 
time  in  common  air. 

§  vin. 

The  Effects  of  a  Vacuum  on  spontaneous  Light. 

EXPERIMENTS.  ,  ,.,   .j  :yJ,,rf^ 

Exper.  1 .  A  piece  of  shining  wood,  of  a  moderate  size,  was 
put  under  the  receiver  of  an  air-pump,  in  a  dark  room ;  in 
proportion  as  the  air  was  extracted,  the  light  was  gradually  ex- 
tinguished, and  at  last  reduced  to  a  mere  point,  just  visible, 
owing  most  probably  to  a  small  residuum  of  air,  which  is  always 
left,  even  in  the  most  perfect  machine.  Fresh  air  was  then 
leisurely  admitted,  and  the  light  was  immediately  revived  in 
a  very  beautiful  manner.  This  experiment  was  frequently 
repeated,  and  always  with  the  like  effect. 

Exper.  2.  Some  luminous  matter  of  a  herring,  uncommonly 
bright,  was  smeared  upon  a  piece  of  red  blotting  paper,  and 
then  submitted  to  the  operation  of  the  air-pump.  The  light  be- 
came fainter  and  fainter,  as  the  inclosed  air  was  withdrawn,  and 
at  last  nearly  vanished ;  but  brightened  up  as  before,  on  the 
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influx  of  fresh  air.  The  experiment  was  repeated,  and  wi^h  the 
same  result.  ^  1  -■mw  ft^  rltiw  bri* 

,v.     "  > 

SECTION  XII. 

Experiments  and  Observations  on  solar  Light,  when  imbibed  by 

Canton's  Phosphorus. 

...   ,.     •      j  u,    .;  •       -         •••mi  •'■  t**! 

The  Effects  of  Heat  on  imbibed  solar  Light. 

I.  72*  z'mfo'/W  L#to  is  rendered  more  vivid  by  a  moderate 

Degree  of  Heat. 

EXPERIMENTS. 

Exper.  1.  Having  prepared  some  Canton's  phosphorus,  and 
exposed  it  to  the  light  of  the  sun,  it  was  carried  into  the  dark 
laboratory,  to  separate  the  illuminated  parts  from  those  that 
remained  dark.  In  doing  which,  some  luminous  fragments  were 
placed  upon  the  palm  of  the  hand,  and  retained  there  for  some 
time,  when  it  was  observed,  that  the  warmth  of  the  hand  con- 
siderably increased  the  degree  of  light. 

Exper.  2.  Some  fragments  of  this  illuminated  phosphorus 
were  put  into  a  small  phial,  which  was  then  closed  with  a  cork, 
and  suspended,  by  a  string,  in  a  quart  of  water  heated  to  about 
1260;  by  these  means,  the  light  was  rendered  much  more  vivid 
than  before. 

Exper.  3.  Some  other  pieces  of  the  illuminated  phosphorus 
were  dropped  separately  into  a  glass  tube  32  inches  long,  and 
7>-  bore,  filled  with  water  at  about  1200.  The  light  of  each 
piece  became  exceedingly  bright,  as  soon  as  it  entered  the  hot 
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water ;  and  they  all  descended,  very  luminous,  from  the  top  to 
the  bottom,  some  quickly  and  others  slowly,  according  to  their 
gravity,  making  a  very  pleasing  experiment. 

Exper.  4.  A  large  wooden  bowl,  about  12  inches  wide,  was 
next  filled  with  water  heated  to  about  1100,  and  then  a  quan- 
tity of  illuminated  phosphorus,  partly  in  the  form  of  powder, 
and  partly  in  pieces  of  different  magnitudes,  was  scattered  over 
the  whole  surface  of  the  water ;  all  which  pieces  fell,  with  in- 
creased splendour,  to  the  bottom,  where  they  preserved  their 
light  for  some  time. 

*  * 

t  r 

II.  The  imbibed  Light  is  extinguished  by  a  great  Degree  of 

Heat. 

Exper.  5.  Some  fragments  of  the  phosphorus,  rendered  lu- 
minous, were  exposed  to  a  greater  degree  of  heat,  namely,  by 
casting  them  into  a  tin  vessel  containing  two  pints  of  boiling 
water.  They  flashed  with  increased  light,  as  soon  as  they  came 
in  contact  with  the  water,  fell  precipitately  to  the  bottom,  in  a 
lucid  state,  and  then  were  gradually  extinguished. 

Exper.  6.  In  which  the  degree  of  heat  was  still  increased. 
A  small  bar  of  iron,  of  about  an  inch  square,  was  made  red-hot, 
and  laid  horizontally  in  the  laboratory,  until,  by  cooling,  it  nearly 
ceased  to  shine.  Some  pieces  of  illuminated  phosphorus  were 
then  put  upon  it  in  succession,  and  the  light,  in  a  moment, 
glowed  with  uncommon  lustre,  but  was  quickly  after  totally 
extinguished.'* 

»  j  ' 

*  Solar  light,  when  received  merely  on  a  piece  of  white  paper,  may  also  be  rendered 
more  luminous  by  heat,  and  then  extinguished  by  it,  as  appears  from  an  experiment 
made  by  the  late  Mr.  B.  Wilson,  whose  book  on  phosphori  I  had  not  seen  before 
this  Paper  was  drawn  tip. 
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III.  The  imbibed  Light,  after  being  in  a  latent  Slate,  is  excited 

and  rendered  luminous  by  the  Agency  of  Heat. 

lijcper.  7.  Some  small  pieces  of  the  phosphorus,  after  having 
been  illuminated,  were  deposited  in  the  laboratory;  when  the 
light  by  degrees  faded  away,  and  became  totally  invisible.  They 
were  kept  in  this  dark  state  for  the  space  of  ten  days,  and  then 
placed  one  after  another  upon  a  heated  bar  of  iron,  as  in  the 
last  experiment,  upon  which  they  quickly  became  exceedingly 
luminous. 

From  an  experiment  made  by  the  ingenious  Mr.  Canton, 
I  observe,  that  some  of  his  phosphorus,  contained  in  glass 
balls  hermetically  sealed,  and  heated  in  the  above  manner,  gave 
a  considerable  degree  of  light,  after  it  had  been  kept  in  a  state 
of  darkness  more  than  six  months.  Phil.  Trans.  Vol.  LVIII. 
page  342  ..  > 

§  II. 

The  Effects  of  Cold  on  imbibed  Light. 

EXPERIMENT. 

About  15  grains  of  the  phosphorus  were  put  into  a  half- 
ounce  phial,  containing  two  drams  of  cold  pump  water,  that  had 
been  deprived  of  its  air  by  boiling.  The  phial  was  then  corked, 
and  exposed  for  some  time  to  solar  light,  whereby  the  phosphorus 
became  finely  illuminated.  In  this  state,  it  was  immediately  put 
into  a  frigorific  mixture,  composed  of  snow  and  sea-salt,  and 
retained  there  about  30  or  40  minutes,  when  it  was  taken  out, 
and  the  light  found  to  be  totally  extinguished.  The  phial  was 
then  placed  in  some  water,  at  about  6o°  temperature,  and  the 
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light  gradually  revived,  and  became  as  brilliant  as  before  it  had 
been  exposed  to  the  cold.  This  experiment  was  frequently 
repeated,  and  always  with  the  same  result. 

I  cannot  but  remark,  that  in  the  course  of  experiments  on 
this  subject,  the  superior  power  of  solar  over  that  of  spontaneous 
light  was  very  apparent.  For,  the  first  trials  being  made  in 
small  phials,  containing  only  atmospheric  air  with  the  phos- 
phorus, the  light  was  with  some  difficulty  totally  extinguished; 
and,  after  the  phials  were  taken  out  of  the  frigorific  mixture,  the 
temperature  of  the  laboratory  would  commonly  soon  revive  the 
light,  which  rendered  the  experiments  not  altogether  satisfac- 
tory. Finding  it  thus  somewhat  difficult  to  extinguish  solar 
light  in  air,  recourse  was  had  to  water,  in  the  manner  above 
described.  This  answered  perfectly  well;  for  the  water,  when 
frozen,  gave  a  substantial  body,  as  it  were,  to  the  imbibed  light 
of  the  phosphorus,  so  as  to  enable  it  to  retain  the  excess  of  cold 
arising  from  the  frigorific  mixture ;  thereby  making  the  expe- 
riments quite  satisfactory.  When  the  phosphorus  was  thus  sur- 
rounded by  ice,  only  a  few  minutes  stay  in  the  frigorific  mixture 
would  generally  be  sufficient  for  a  total  extinction. 

OBSERVATION. 

From  these  experiments,  compared  with  those  recited  in  my 
former  Paper  on  spontaneous  light,  it  appears  that  solar  light, 
when  imbibed  by  Canton's  phosphorus,  is  subject  to  the  same 
laws,  with  respect  to  heat  and  cold,  as  the  spontaneous  light  of 
fishes,  rotten  wood,  and  glow-worms. 
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P.  S.  In  these  experiments  with  solar  light,  the  phosphorus 
was  sometimes  exposed  to  the  direct  rays  of  the  sun,  at  other 
times  to  common  day-light,  in  a  northern  aspect ;  and  it  was 
remarked,  that  it  became  spmewhat  more  luminous  by  mere 
day-light,  than  by  the  rays  of  the  sun. 

It  may  also  be  proper  to  observe,  that  the  above  experi- 
ments were  made  with  an  improved  preparation  of  Canton's 
phosphorus.  This  improvement,  which  was  first  made  by  Dr. 
Higgins,  consists  in  omitting  the  pulverization  of  the  shells. 
His  method  was,  after  calcining  the  oyster-shells,  to  put  the 
pieces,  both  great  and  small,  in  layers,  into  a  crucible  furnished 
with  a  cover,  and  to  sprinkle  flowers  of  sulphur  between  each 
layer.  After  they  had  remained  some  time  in  the  furnace,  they 
were  taken  out,  suffered  to  cool,  and  then  kept  in  a  large  bottle 
with  a  glass  stopple.  For  this  communication,  I  am  indebted 
to  Mr.  Lewis  of  Holborn,  near  Southampton-street,  who  has  an 
extraordinary  dark  room,  where,  at  times,  he  amuses  his  friends 
with  some  beautiful  appearances,  arising  from  solar  light  im- 
bibed by  phosphorus  prepared  as  above  directed.  A  still  further 
improvement  of  this  phosphorus,  it  appears  to  me,  may  be  made 
by  substituting  precipitated  sulphur  for  the  flowers  of  sulphur; 
and  the  experiments  of  this  section  were  chiefly  made  with 
phosphorus  so  prepared. 
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XXII.  Experiments  on  the  chemical  Production  and  Agency  of 
Electricity.  By  William  Hyde  Wollaston,  M.  D.  F.  R.  S. 

Read  June  25,  1801. 

Notwithstanding  the  power  of  Mr.  Volta's  electric  pile  is 
now  known  to  be  proportional  to  the  disposition  of  one  of  the 
metals  to  be  oxidated  by  the  fluid  interposed,  a  doubt  has  been 
entertained  by  many  persons,  whether  this  power  arises  from 
the  chemical  action  of  the  fluid  on  the  metal,  or,  on  the  con- 
trary, whether  the  oxidation  itself  may  not  be  occasioned  by 
electricity,  set  in  motion  by  the  contact  of  metals  that  have  dif- 
ferent conducting  powers. 

That  the  oxidation  of  the  metal  is  the  primary  cause  of  the 
electric  phaenomena  observed,  is,  I  think,  to  be  inferred  from 
the  following  experiments,  which  exhibit  the  Galvanic  process 
reduced  to  its  most  simple  state. 

Exper.  1.  If  a  piece  of  zinc  and  a  piece  of  silver  have  each 
one  extremity  immersed  in  the  same  vessel,  containing  sul- 
phuric or  muriatic  acid  diluted  with  a  large  quantity  of  water, 
the  zinc  is  dissolved,  and  yields  hydrogen  gas,  by  decomposition 
of  the  water :  the  silver,  not  being  acted  upon,  has  no  power  of 
decomposing  water;  but,  whenever  the  zinc  and  silver  are  made 
to  touch,  or  any  metallic  communication  is  made  between  them, 
hydrogen  gas  is  also  formed  at  the  surface  of  the  silver. 

Any  other  metal  beside  zinc,  which  by  assistance  of  the 
acid  employed  is  capable  of  decomposing  water,  will  succeed 
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equally,  if  the  other  wire  consists  of  a  metal  on  which  the  acid 
has  no  effect. 

Exper.  2.  If  zinc,  iron,  or  copper,  are  employed  with  gold,  in 
dilute  nitric  acid,  nitrous  gas  is  formed,  in  the  same  manner, 
and  under  the  same  circumstances,  as  the  hydrogen  gas  in  the 
former  experiment. 

Exper.  3.  Experiments  analogous  to  the  former,  and  equally 
simple,  may  also  be  made  with  many  metallic  solutions.  If, 
for  instance,  the  solution  contains  copper,  it  will  be  precipitated 
by  a  piece  of  iron,  and  appear  on  its  surface.  Upon  silver  merely 
immersed  in  the  same  solution,  no  such  effect  is  produced ;  but, 
as  soon  as  the  two  metals  are  brought  into  contact,  the  silver 
receives  a  coating  of  copper- 
In  the  explanation  of  these  experiments,  it  is  necessary  to 
advert  to  a  point  established  by  means  of  the  electric  pile. 

We  know  that  when  water  is  placed  in  a  circuit  of  conduc- 
tors of  electricity,  between  the  two  extremities  of  a  pile,  if  the 
power  is  sufficient  to  oxidate  one  of  the  wires  of  communica- 
tion, the  wire  connected  with  the  opposite  extremity  affords 
hydrogen  gas. 

Since  the  extrication  of  hydrogen,  in  this  instance,  is  seen  to 
depend  on  electricity,  it  is  probable  that,  in  other  instances, 
electricity  may  be  also  requisite  for  its  conversion  into  gas. 
It  would  appear,  therefore,  that  in  the  solution  of  a  metal, 
electricity  is  evolved  during  the  action  of  the  acid  upon  it; 
and  that  the  formation  of  hydrogen  gas,  even  in  that  case, 
depends  on  a  transition  of  electricity  between  the  fluid  and  the 
metal. 

We  see,  moreover,  in  the  first  experiment,  that  the  zinc, 
without  contact  of  any  other  metal,  has  the  power  of  decom- 
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posing  water ;  and  we  can  have  no  reason  to  suppose  that  the 
contact  of  the  silver  produces  any  new  power,  but  that  it  serves 
merely  as  a  conductor  of  electricity,  and  thereby  occasions  the 
formation  of  hydrogen  gas. 

In  the  3d  experiment  also,  the  iron  by  itself  has  the  power  of 
precipitating  copper,  by  means,  I  presume,  of  electricity  evolved 
during  its  solution ;  and  here  likewise  the  silver,  by  conducting 
that  electricity,  acquires  the  power  of  precipitating  the  copper 
in  its  metallic  state. 

The  explanation  here  given  receives  additional  confirmation 
from  comparative  experiments  which  I  have  made  with  common 
electricity ;  for  it  will  be  seen,  that  the  same  transfer  of  chemical 
power,  and  the  same  apparent  reversion  of  the  usual  order  of 
chemical  affinities  in  the  precipitation  of  copper  by  silver,  may 
be  effected  by  a  common  electrical  machine. 

The  machine  with  which  the  following  experiments  were 
conducted,  consists  of  a  cylinder  7  inches  in  diameter,  with  a 
conductor  on  each  side,  16  inches  long,  and  g£  inches  diame- 
ter, each  furnished  with  a  sliding  electrometer,  to  regulate  the 
strength  of  the  spark  received  from  them. 

Exper.  4.  Having  a  wire  of  fine  silver,  of  an  inch  in  dia*- 
meter,  I  coated  the  middle  of  it,  for  2  or  3.  inches,  with  sealing- 
wax,  and,  by  cutting  through  in  the  middle  of  the  wax,  exposed 
a  section  of  the  wire.  The  two  coated  extremities  of  the  wire, 
thus  divided,  were  immersed  in  a  solution  of  sulphate  of  copper, 
placed  in  an  electric  circuit  between  the  two  conductors ;  and 
sparks,  taken  at  Tx3  of  an  inch  distance,  were  passed  by  means 
of  them  through  the  solution.  After  100  turns  of  the  machine, 
the  wire  which  communicated  with  (what  is  called)  the  nega- 
tive conductor,  had  a  precipitate  formed  on  its  surface,  which, 
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upon  being  burnished,  was  evidently  copper ;  but  the  opposite 
wire  had  no  such  coating. 

Upon  reversing  the  direction  of  the  current  of  electricity,  the 
order  of  the  phenomena  was  of  course  reversed;  the  copper 
being  shortly  redissolved  by  assistance  of  the  oxidating  power 
of  positive  electricity,  and  a  similar  precipitate  formed  on  the 
opposite  wire. 

Exper.  5.  A  similar  experiment  made  with  gold  wires  of 
an  inch  diameter,  in  a  solution  of  corrosive  sublimate,  had  the 
same  success. 

The  chemical  agency,  therefore,  of  common  electricity,  is  thus 
proved  to  be  the  same  with  the  power  excited  by  chemical 
means;  but,  since  a  difference  has  been  observed  in  the  compa- 
rative facility  with  which  the  pile  of  Volta  decomposes  water, 
and  produces  other  effects  of  oxidation  and  de-oxidation  of  bodies 
exposed  to  its  action,  I  have  been  at  some  pains  to  remove  this 
difficulty,  and  can  at  least  produce  a  very  close  imitation  of  the 
Galvanic  phenomena,  by  common  electricity. 

It  has  been  thought  necessary  to  employ  powerful  machines, 
and  large  Ley  den  jars,  for  the  decomposition  of  water;  but, 
when  I  considered  that  the  decomposition  must  depend  on  duly 
proportioning  the  strength  of  the  charge  of  electricity  to  the 
quantity  of  water,  and  that  the  quantity  exposed  to  its  action  at 
the  surface  of  communication  depends  on  the  extent  of  that 
surface,  I  hoped  that,  by  reducing  the  surface  of  communica- 
tion, the  decomposition  of  water  might  be  effected  by  smaller 
machines,  and  with  less  powerful  excitation,  than  have  hitherto 
been  used  for  that  purpose ;  and,  in  this  hope,  I  have  not  been 
disappointed. 

Exper.  6.  Having  procured  a  small  wire  of  fine  gold,  and: 
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given  it  as  fine  a  point  as  I  could,  I  inserted  it  into  a  capillary 
glass  tube;  and,  after  heating  the  tube,  so  as  to  make  it  adhere 
to  the  point  and  cover  it  in  every  part,  I  gradually  ground  it 
down,  till,  with  a  pocket  lens,  I  could  discern  that  the  point  of 
the  gold  was  exposed. 

The  success  of  this  method  exceeding  my  expectations,  I 
coated  several  wires  in  the  same  manner,  and  found,  that  when 
sparks  from  the  conductors  before  mentioned  were  made  to  pass 
through  water,  by  means  of  a  point  so  guarded,  a  spark  passing 
to  the  distance  of  £  of  an  inch  would  decompose  water,  when 
the  point  exposed  did  not  exceed  j±-  of  an  inch  in  diameter. 
With  another  point,  which  I  estimated  at  y^—,  a  succession 
of  sparks  of  an  inch  in  length,  afforded  a  current  of  small 
bubbles  of  ,air. 

I  have  since  found,  that  the  same  apparatus  will  decompose 
water,  with  a  wire  ^  of  an  inch  diameter,  coated  in  the  manner 
before  described,  if  the  spark  from  the  prime  conductor  passes  to 
the  distance  of     of  an  inch  of  air. 

Exper.  7.  In  order  to  try  how  far  the  strength  of  the  electric 
spark  might  be  reduced  by  proportional  diminution  of  the  ex- 
tremity of  the  wire,  I  passed  a  solution  of  gold  in  aqua  regia 
through  a  capillary  tube,  and,  by  heating  the  tube,  expelled  the 
acid.  There  remained  a  thin  film  of  gold,  lining  the  inner  sur- 
face of  the  tube,  which,  by  melting  the  tube,  was  converted  into 
a  very  fine  thread  of  gold,  through  the  substance  of  the  glass. 

When  the  extremity  of  this  thread  was  made  the  medium  of 
communication  through  water,  I  found  that  the  mere  current 
of  electricity  would  occasion  a  stream  of  very  small  bubbles  to 
rise  from  the  extremity  of  the  gold,  although  the  wire,  by  which 
it  communicated  with  the  positive  or  negative  conductor,  was 
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placed  in  absolute  contact  with  them.  Hence  it  appears,  that 
decomposition  of  water  may  take  place  by  common  electricity, 
as  well  as  by  the  electric  pile,  although  no  discernible  sparks  are 
produced. 

The  appearance  of  two  currents  of  air  may  also  be  imitated, 
by  occasioning  the  electricity  to  pass  by  fine  points  of  com- 
munication on  both  sides  of  the  water ;  but,  in  fact,  the  resem- 
blance is  not  complete ;  for,  in  every  way  in  which  I  have  tried 
it,  I  observed  that  each  wire  gave  both  oxygen  and  hydrogen 
gas,  instead  of  their  being  formed  separately,  as  by  the  electric 
pile. 

1  am  inclined  to  attribute  the  difference  in  this  respect,  to  the 
greater  intensity  with  which  it  is  necessary  to  employ  common 
electricity ;  for,  that  positive  and  negative  electricity,  so  excited, 
have  each  the  same  chemical  power  as  they  are  observed  to  have 
in  the  electric  pile,  may  be  ascertained  by  other  means. 

In  the  precipitation  of  copper  by  silver,  an  instance  of  de- 
oxidation  (or  phlogistication)  by  negative  electricity  has  been 
mentioned:  the  oxidating  power  of  positive  electricity  may  be 
also  proved,  by  its  effect  on  vegetable  blue  colours. 

Exper.  8.  Having  coloured  a  card  with  a  strong  infusion  of 
Ktmus,  I  passed  a  current  of  electric  sparks  along  it,  by  means 
of  two  fine  gold  points,  touching  it  at  the  distance  of  an  inch  from 
each  other.  The  effect,  ac  in  other  cases,  depending  on  the  small- 
ness  of  the  quantity  of  water,  was  most  discernible  when  the  card 
was  nearly  dry.  In  this  state,  a  very  few  turns  of  the  machine 
were  sufficient  to  occasion  a  redness  at  the  positive  wire,  very 
manifest  to  the  naked  eye.  The  negative  wire,  being  afterwards 
placed  on  the  same  spot,  soon  restored  it  to  its  original  blue 
colour. 
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By  Mr.  Volta's  apparatus,  die  same  effects  are  produced  in 
much  less  time. 

Beside  the  similarity  which  has  thus  been  traced  between  the 
effects  of  electricity  excited  by  the  common  machine  and  those 
observed  from  the  electric  pile,  I  think  it  appears  also  probable, 
that  they  originate  from  the  same  source. 

With  regard  to  the  latter,  its  power  is  now  known  to  depend 
on  oxidation;  so  also  does  the  excitement  in  the  former  appear 
very  much  to  depend  on  the  same  process ;  for, 

Exper.  9.  I  have  found,  that  by  using  an  amalgam  of  silver  or 
of  platina,  which  are  not  liable  to  be  oxidated,  I  could  obtain  no 
electricity.  An  amalgam  of  tin,  on  the  contrary,  affords  a  good 
degree  of  excitement.  Zinc  acts  still  better;  but  the  best  amal- 
gam is  made  with  both  tin  and  zinc,  a  mixture  which  is  more 
easily  oxidated  than  either  metal  separately. 

Exper.  10.  But,  as  a  farther  trial  whether  oxidation  assists 
in  the  production  of  electricity,  I  mounted  a  small  cylinder,  with 
its  cushion  and  conductor,  in  a  vessel  so  contrived  that  I  could 
at  pleasure  change  the  contained  air. 

After  trying  the  degree  of  excitement  in  common  air,  I  sub- 
stituted carbonic  gas,  and  found  that  the  excitement  was  im- 
mediately destroyed,  but  that  it  returned  upon  re-admission  of 
atmospheric  air. 

In  conformity  to  this  hypothesis,  we  find  that  the  metal  oxi- 
dated is,  in  each  case,  in  a  similar  state  of  electricity ;  for  the 
cushion  of  the  machine,  by  oxidation  of  the  amalgam  adhering 
to  it,  becomes  negative;  and,  in  the  same  manner,  zinc  oxidated 
by  the  accumulated  power  of  an  electric  pile,  or  simply  by  action 
of  an  acid,  is  also  negative. 
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This  similarity  in  the  means  by  which  both  electricity  and 

Galvanism  appear  to  be  excited,  in  addition  to  the  resemblance 
that  has  been  traced  between  their  effects,  shews  that  they  are 
both  essentially  the  same,  and  confirms  an  opinion  that  has  al- 
ready been  advanced  by  others,  that  all  the  differences  discover- 
able in  the  effects  of  the  latter,  may  be  owing  to  its  being  less 
intense,  but  produced  in  much  larger  quantity. 
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XXIII.  Farther  Observations  on  the  Effects  which  take  Place  from 
the  Destruction  of  the  Memhrana  Tympani  of  the  Ear;  with  an 
Account  of  an  Operation  for  the  Removal  of  a  particular  Species 
of  Deafness.  By  Mr.  Astley  Cooper.  Communicated  by 
Everard  Home,  Esq.  F.  R.  S. 

1 

Read  June  25,  1801. 

■ 

In  the  Paper  which  I  had  last  year  the  honour  of  presenting  to 
the  Royal  Society,  I  endeavoured  to  point  out  the  effects  which 
are  produced  upon  the  organ  of  hearing,  by  a  partial  loss,  or 
entire  destruction,  of  the  membrana  tympani. 

From  the  facts  therein  detailed  it  appears,  that  an  aperture  in 
the  membrana  tympani  does  not  diminish  the  power  of  the  ear, 
and  that  even  a  complete  destruction  of  the  membrane  is  not 
followed  by  a  total  deprivation  of  the  sense  of  hearing ;  a  sup- 
position which  medical  men  have  adopted,  and  common  opinion 
has  generally  sanctioned. 

Convinced  of  the  importance  of  the  subject,  and  desirous,  as 
far  as  my  other  avocations  would  allow,  of  pursuing  my  inqui- 
ries, I  have,  since  the  publication  of  that  Paper,  examined  more 
than  twenty  cases  of  a  similar  defect  in  the  membrana  tympani ; 
and  these  instances  have  uniformly  tended  to  confirm  me  in  my 
former  opinion,  as  to  the  use  of  the  membrane,  and  the  effects 
which  follow  from  its  loss. 

Injury  may  arise  to  the  membrana  tympani,  or  its  destruction 
take  place,  from  various  causes,  of  which  the  most  common  is, 
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a  suppuration  in  the  meatus  auditorius.  In  persons  of  a  delicate 
constitution  and  irritable  habit,  the  wax  secreted  in  the  ear  is 
liable  to  be  hardened ;  this,  by  filling  the  meatus  auditorius, 
gradually  occasions  deafness,  and  then  excites  inflammation 
and  suppuration.  In  this  case,  if  no  mode  of  relief  be  resorted 
to,  not  only  will  the  membrane  lining  the  meatus,  but  also  the 
membrana  tympani  itself  be  destroyed,  the  small  bones  of  the 
tympanum  discharged,  and  sometimes  considerable  exfoliations 
produced. 

The  membrana  tympani  is  also  not  unfrequently  injured  by 
means  of  external  violence.  In  Plate  XXXIII.  Fig.  4,  a  view 
is  given  of  the  membrane  lacerated  in  different  directions,  by  a 
blow  upon  the  side  of  the  head ;  an  effect  which  probably  was 
occasioned  by  the  air  in  the  meatus  having  been  driven  with 
violence  upon  the  membrane. 

The  membrana  tympani  is  also  sometimes  broken  by  at- 
tempts to  remove  extraneous  bodies,  which  have  been  thrust 
into  the  meatus  auditorius.  Children,  in  their  thoughtless  pranks, 
often  introduce  small  stones,  pieces  of  slate-pencil,  and  even  pins 
into  their  ears;  in  extracting  which,  I  have  known  considerable 
lacerations  made  in  the  membrana  tympani.  Fig.  5,  shews 
the  membrane  broken  perpendicularly,  in  an  attempt  to  remove 
a  pin,  which  had  been  accidentally  dropped  into  the  meatus. 

The  membrana  tympani  may  be  easily  seen  in  some  persons, 
by  directing  the  rays  of  the  sun,  or  a  condensed  light  from  a 
common  lamp,  into  the  ear ;  but  this  is  not  the  case  in  all ;  for 
the  meatus  differs  considerably  in  different  persons,  both  in  its 
depth  and  diameter. 

If  the  ear  is  clear  from  wax,  the  membrane  has  a  bright  ten- 
dinous appearance;  and  an  aperture  in  it  appears  as  a  dark 
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spot,  which,  by  the  silvery  surface  of  the  membrane  surrounding 
it,  is  rendered  distinctly  perceptible.  If  there  be  an  aperture,  air 
also,  upon  blowing  the  nose  with  violence,  will  be  forced  with  a 
whistling  noise  through  the  ear.  The  smoke  of  tobacco  may  be 
driven  from  the  mouth  through  the  ear ;  or  water  may  be  in- 
jected from  the  ear  into  the  throat.* 

The  effect  produced  upon  the  sense  of  hearing,  by  this  defective 
state  of  the  membrana  tympani,  varies  according  to  circumstances. 
If  there  be  a  small  aperture  only,  leaving  the  malleus  with  its 
natural  attachment,  no  difference  in  the  power  of  the  organ  is 
perceptible;  the  membrane  vibrates,  and  communicates  its  vibra- 
tions, as  before.  If  the  whole  of  the  membrane  be  destroyed,  and 
three  out  of  four  of  the  small  bones  of  the  tympanum  be  re- 
moved, an  almost  total  deafness  ensues ;  but  the  ear,  after  a 
time,  begins  to  recover  its  powers,  and,  in  the  end,  regains 
them,  with  that  degree  of  imperfection  only,  which,  in  my  for- 
mer Paper,  I  have  described  in  the  case  of  Mr.  P  .f  The 

following  fact  appears  to  confirm  the  truth  of  this  statement 
Mr.  Radford,  surgeon,  of  Newington  Butts,  informs  me,  that 
in  the  year  1779,  he  attended  a  woman  who  had  an  ulcer  in  the 
throat,  by  which  a  portion  of  the  palate  was  destroyed,  and  the 
tonsils  and  Eustachian  tube  so  much  injured,  that  in  the  attempt 
to  swallow,  a  part  of  the  liquid  ran  through  her  ears ;  yet,  not- 
withstanding these  ravages,  she  neither  complained  of  any  de- 
fect in  her  hearing,  nor  had  the  slightest  appearance  of  deafness. 
In  cases,  however,  where  the  discharge  of  matter  which  pro- 

*  It  was  formerly  supposed,  that  there  was  naturally  a  communication  between  the 
external  car  and  the  throat,  through  the  membrana  tympani ;  an  opinion  which  it  is 
now  almost  unnecessary  to  say  is  without  foundation. 

f  Vide  Philosophical  Transactions  for  t8oo,  page  152. 
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duced  the  destruction  of  the  membrane  continues,  should  a 
fungus  arise  on  the  periosteum  of  the  tympanum,  or  exfoliation 
of  the  bones  forming  this  cavity  occur,  and  more  especially  should 
the  stapes  separate,  very  considerable  deafness  will  be  the  con- 
sequence. 

When  the  membrane  of  one  ear  only  is  destroyed,  a  greater 
degree  of  deafness  takes  place  in  that  ear,  than  would  happen 
in  either,  were  the  membrane  destroyed  in  both.  This,  as  I 
stated  in  my  former  Paper,  probably  arises  from  the  disuse  into 
which  the  imperfect  ear  falls,  from  its  being  less  quick  in  its 
powers  than  the  other;  a  conjecture  which  seems  to  be  verified 
by  the  following  fact. 

Mr.  G  ,  a  merchant  in  the  city,  lost,  at  an  early  period 

of  life,  so  great  a  portion  of  the  membrana  tympani  of  the  left 
ear,  that  no  more  of  it  remained  than  appears  in  Fig.  3;  and, 
as  he  heard  somewhat  better  with  his  right  ear  than  with  his 
left,  he  was  little  in  the  habit  of  employing  the  latter,  and  con- 
sidered himself  at  length  as  almost  totally  deaf  in  it.  Becoming, 
however,  in  the  month  of  December  last,  deaf  in  the  right  ear, 
and  being  obliged,  in  consequence,  to  employ  the  other,  he 
found  that  the  left  ear  was  by  no  means  deprived  of  its  powers ; 
although  he  could  force  air  from  his  mouth  through  that  ear, 
and,  if  he  suddenly  thrust  his  finger  into  the  meatus,  the  air  was 
heard  to  rush  through  his  nostrils. 

I  feel  a  hope  that  the  foregoing  observations  will  tend  to 
something  more  than  merely  to  gratify  curiosity,  and  will  be 
productive,  in  the  end,  of  lasting  benefit ;  for  they  have  induced 
me,  in  one  species  of  deafness,  to  try  the  effect  of  an  operation, 
which  has,  in  several  instances,  proved  successful. 

The  deafness  to  which  1  allude,  is  that  which  arises  from  an 
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obstruction  of  the  Eustachian  tube'?  arid  the  operation  consists 
in  puncturing  the  membraiKi  tympani. 

The  tympanum  of»the  ear  is  formed  like  a  drum ;  and,  as  a 
drum  will  produce  very  little  sound,  unless  air  be  admitted  by 
a  hole  in  its  side,  so,  in  the  usual  state  of  the  ear,  the  membrana 


13 

mi 

the  cavity  of  the  tympanum.  The  air,  thus  essential  to  hearing, 
passes  from  the  throat  to  the  ear  by  the  Eustachian  tube ;  so 
that. the  membrana  tympani  is  placed  between  two  portions  of 
air,  the  one  contained  in  the  meatus,  the  other  fin  the  cavity  ©f 
the  tympanum.  Accordingly,  if  the  Eustachian  tube  becomes 
obstructed,  the  air  confined  in  the  tympanum  being  unable  to 
yield,  the  membrana  tympani  must  cease  to  vibrate  v  and  thus, 
sound?  being  no  longer  conveyed  to  the  interior  parts  of  the 
organ,  a  permanent  deafness  must  ensue.  1 

There  are  several  causes  by-  which  a  closure;  of  the  Eustachian 
tube  may  be  produced; ,y,A ;  ;  -  ^  :   *  .   />  f 

It.  may  arise,  first*  from  a  common  cold  affecting  the  parts 
contiguous  to  the  orifices  of  the  tube,  and  thereby  preventing 
the  free  passage  of  air  into  the  tympanum.  The  deafness  thus 
produced,  however,  is  often  merely  temporary.  But  the  frequent 
recurrence  of  such  attacks  may  produce  permanent  enlargement 
of  the  tonsils,  which,  by  their  pressure  on  the  Eustachian  tubes, 
will  occasion  a  permanent  deafness,  .'J  "  "i.  *:  ; 

In  February  last,  an  instance  occurred,  of  a  person  who  had 
thus  been  rendered  deaf  since  the  year  1793;  and  I  have  met 
with  another  instance  of  deafness  from  a  similar  cause. 

Secondly,  The  scarlet  fever  occasions  ulcers  in  the  throat, 
which,  in  healing,  frequently  close  the  Eustachian  tubes,  thereby 
producing  lasting  deafness.  - 
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As  this  fever  occurs  particularly  in  young  persons,  who  are 
but  little  subject  to  a  defective  state  of  the  nerves  of  the  ear,  the 
greater  hope  of  relief  may  be  entertained  from  the  operation 
already  mentioned.  '  ••';■/• 

Thirdly,  A  venereal  ulcer  in  the  fauces,  by  the  cicatrix  it  pro- 
duces, often  occasions  a  closure  of  the  Eustachian  tube,  causing 
a  deafness  which  nothing  but  the  operation  here  spoken  of  can 
relieve. 

Fourthly,  I  have  known  this  closure  of  the  tube  produced  by 
an  extravasation  of  blood  in  the  cavity  of  the  tympanum. 

Lastly,  I  have  seen  one  instance  of  a  stricture  in  the  tube, 
which,  although  it  did  not  entirely  obstruct  the  passage  of  the 
air,  yet  rendered  it  extremely  difficult.  To  enable  himself  to 
hear,  the  gentleman  who  was  the  subject  of  this  disease,  was 
under  the  necessity  of  forcing  air,  from  the  mouth,  into  tho 
cavity  of  the  tympanum,  which  pushed  the  membrana  tympani 
towards  the  meatus ;  then,  pressing  gently  upon  the  ear,  he 
forced  out  a  part  of  the  air  which  the  tympanum  contained; 
thus  giving  the  membrane  liberty  to  vibrate,  and  producing  an 
immediate  increase  in  the  power  of  hearing. 

The  above  mentioned  are  the  most  common  causes  of  the 
closure  of  the  Eustachian  tube ;  and  I  have  reason  to  think,  from 
the  experience  I  have  already  had,  that  they  may  all  be  remedied 
by  puncturing  the  membrana  tympani. 

I  was  led  to  this  operation  by  reflecting  that,  as  an  aperture 
in  this  membrane  did  not  appear  to  injure  the  power  of  the  ear, 
and  a  small  opening  would  be  sufficient  to  admit  a  free  passage 
of  air  to  and  from  the  tympanum,  perhaps  a  substitute  might  be 
thus  easily  found  for  the  Eustachian  tube,  and  the  membrane, 
by  such  an  aperture,  be  restored  to  its  natural  functions.  Oppor- 
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tunities  were  soon  afforded  me  .of  trying  the  effects  of  this  ope- 
ration, and  of  putting  my  idea  to  the  test  of  experiment.  Of  the 
instances  by  which  it  has  been  verified,  the  following  appear  to 
.  me  most  worthy  of  selection  and  record. 

Case  1.  A  woman  about  thirty-six  years  of  age  consulted  me, 
in  December  last,  respecting  some  disorder  in  her  child.  In 
attempting  to  converse  with  her,  I  found  her  so  extremely  deaf 
that  it  was  with  difficulty  I  could  make  her  hear  me.  Question- 
ing her  upon  the  subject  of  her  deafness,  she  informed  me  that 
she  had  been  thus  afflicted  since  the  year  1 793 ;  and  I  found  that 
it  had  arisen  from  the  tonsil  glands  becoming  enlarged  by  a  cold, 
which  she  caught  in  the  winter  of  that  year.  As  she  was  anxious 
to  be  relieved,  I  immediately  punctured  the  membrane  of  the  left 
ear,  being  that  in  which  the  hearing  was  most  defective.  The 
operation  was  no  sooner  performed,  than,  to  my  great  joy,  and 
of  course  to  hers,  I  found  that,  in  that  ear,  she  could  hear  what  I 
said  to  her,  without  any  particular  exertion  on  my  part  to  speak 
loud.  She  staid  with  me  about  half  an  hour ;  and,  when  she  left 
me,  was  capable  of  hearing  every  thing  that  was  said  in  the 
ordinary  tone  of  conversation. 

Case  *.  Ann  Daley  was  admitted  under  my  care,  in  Guy's 
Hospital,  on  the  sist  of  January,  1801.  She  was  so  deaf  that, 
unless  words  were  spoken  close  to  her  ear,  it  was  impossible  to 
make  her  hear  them.  She  had  been  thus  far  deprived  of  hearing 
for  the  space  of  six  weeks ;  and  the  deafness  had  been  occa- 
sioned by  some  ulcers  which  had  existed  in  the  fauces.  On  the 
25th  of  January,  four  days  after  her  admission  into  the  hospital, 
I  punctured  the  membrana  tympani  of  the  left  ear;  having  pre- 
viously taken  care  (the  better  to  ascertain  the  effects  of  the  ope- 
ration) to  hold  a  watch  to  the  ear  of  the  patient,  the  beating  ef 
mdccci.  3  L 
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which  she  could  not  distinguish,  unless  it  was  pressed  against 
her  head.  After  the  operation,  I  instantly  repeated  that  expe- 
riment, and  found  that,  with  the  ear  I  had  punctured,  she  could 
distinctly  hear  the  watch,  though  it  was  held  at  the  distance  of 
several  feet ;  whereas,  with  the  opposite  ear,  she  was  still  un- 
able to  hear  it  beat,  unless,  as  before,  it  was  pressed  against  her 
head.  Mr.  Stocker,  apothecary  to  the  hospital,  witnessed  the 
effects  of  this  operation. 

On  the  28th  of  the  same  month,  I  performed  the  same  ope- 
ration on  her  right  ear,  in  the  presence  of  several  medical  gen- 
tlemen, who  satisfied  themselves  as  to  the  cause  and  degree  of 
her  deafness ;  the  ear  upon  which  I  first  operated  having  been 
purposely  closed.  As  soon  as  the  puncture  was  made,  the  trial 
with  the  watch  was  again  resorted  to ;  and  she  could  hear  it  beat 
at  the  same  distance  as  with  the  other  ear;  and  could  hear  us 
speak,  in  the  common  tone  of  voice,  as  distinctly  as  we  could 
hear  one  another. 

To  ascertain  with  certainty  whether  she  really  heard  the 
beating  of  the  watch,  I  placed  it  at  a  considerable  distance  from 
her,  and  asked  her  if  she  still  heard  it  To  which  she  answered, 
"  Yes,  perfectly."  I  then  stopped  the  watch,  without  her  know- 
ing it ;  and,  the  question  being  repeated,  she  listened  for  a  while, 
then  said,  "  I  must  have  been  deceived,  I  do  not  hear  it:"  but, 
the  moment  I  set  it  again  in  motion,  she  called  out,  "  I  hear  it 
"  now,  and  as  well  as  I  ever  did  in  my  life."  In  this  state  her 
hearing  continues;  the  deafness  having  never,  at  any  time, 
returned. 

.  The  cause  of  this  deafness  was  obviously  in  the  throat.  The 
disease  had  not  existed  sufficiently  long  to  produce  any  other 
derangement  in  the  ear;  and  the  good  effect  of  the  operation 
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was  therefore  so  immediately  apparent,  that  it  could  not  be 
doubted  by  the  most  sceptical  observer. 

Case  3.  Mr.  Round,  of  Colchester,  consulted  Dr.  Baillie 
respecting  his  son,  Mr.  John  Round,  aged  17,  who  had  laboured, 
from  his  birth,  under  such  a  degree  of  deafness  as  would  have 
incapacitated  him  from  engaging  in  business.  Dr.  Baillie, 
having  satisfied  himself  that  there  was  no  nervous  defect  in  the 
car,  referred  him  to  me.  I  found  that  this  gentleman  had  been 
born  with  an  imperfect  state  of  the  fauces,  which  rendered  him 
incapable  of  blowing  his  nose ;  that  the  Eustachian  tubes  had 
no  openings  into  the  throat,  and,  therefore,  that  he  was  unable 
to  force  air  from  the  mouth  into  the  ear.  The  auditory  nerves, 
however,  were  perfect ;  for  he  could  distinctly  hear  the  beating 
of  a  watch,  if  placed  between  the  teeth,  or  against  the  side  of 
the  head ;  and  he  never  had  perceived  any  buzzing  noise  in  his 
ears.  I  therefore  advised  him  to  submit  to  the  operation  of  per- 
forating the  membrana  tympani ;  to  which  he  cheerfully  con- 
sented. The  moment  this  was  done,  a  new  world  was  opened 
to  him;  and  the  confusion  produced  by  the  number  of  sounds 
which  immediately  struck  his  ear,  made  him  sink  upon  a  chair, 
almost  in  a  fainting  state.  From  this  state  he  recovered  in  about 
two  minutes ;  and,  finding  that  his  hearing  was  completely  re- 
stored upon  the  one  side,  he  wished  the  operation  to  be  performed 
upon  the  other;  which  was  immediately  done,  with  the  same 
happy  result,  and  without  his  experiencing  the  same  confused 
sensation  as  before. 

Near  two  months  after  the  operation,  I  had  the  pleasure  to 
receive  an  assurance  from  him,  that  he  had  suffered  no  relapse, 
nor  any  inconvenience  from  the  opening  which  I  had  made, 
and  that  his  hearing  continued  perfect.  * 

3  L  2 
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Case  4.  Mr.  Brandon,  of  Upper  Clapton,  sent  a  person  to 
me  in  January  last,  who  had  received  a  blow  upon  his  head, 
which  had  occasioned  symptoms  of  concussion  of  the  brain, 
and  was  attended  with  a  discharge  of  blood  from  each  ear. 
From  the  effects  which  the  blow  had  occasioned  on  the  brain, 
he  speedily  recovered ;  but  the  deafness,  which  had  immediately 
followed  from  the  accident,  continued.    I  cleared  the  meatus 
from  the  blood  it  contained,  without  any  relief  being  derived  to 
the  patient ;  and,  suspecting  that  a  quantity  of  blood  was  lodged 
in  the  tympanum,  and  the  vibration  of  the  membrane  thus  pre- 
vented, I  some  days  after  punctured  the  membrana  tympani. 
Upon  withdrawing  the  instrument,  some  dark-coloured  blood 
appeared  on  its  point ;  and,  whenever  I  examined  his  ear  after- 
wards, there  was  the  same  appearance  of  blood  mixed  with  the 
wax  of  the  ear,  which  continued  to  discharge  for  about  ten  days 
after  the  operation,  during  which  period  the  hearing  was  gra- 
dually restored.  I  have  formerly  known  instances  of  permanent 
deafness  from  this  cause ;  and  I  think  it  not  improbable  that  the 
blood  thus  effused  has  become  organised,  and  continued  to  fill 
the  cavity  of  the  tympanum. 

The  operation  to  remedy  the  species  of  deafness  here  described, 
consists  in  passing  into  the  ear  a  canula,  of  the  size  of  a  com- 
mon probe,  in  which  a  trocar  is  concealed ;  the  canula  is  to  rest 
upon  the  membrana  tympani,  and  the  trocar  is  then  to  be  thrust 
through  the  membrane. 

The  trocar  should  be  so  adjusted  as  not  to  pass  more  than 
i  of  an  inch  beyond  the  canula,  to  prevent  its  reaching  the  op- 
posite side  of  the  cavity  of  the  tympanum.  Should  it  however 
touch  the  periosteum  of  the  tympanum,  it  can  be  productive  of 
no  serious  barm.  The  aperture  should  be  made  in  the  anterior 
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and  inferior  part  of  the  membrane,  under  the  manubrium  of  the 
malleus,  which  must  not  be  injured  in  the  operation ;  and  it  is 
therefore  necessary  that  the  operator  be  acquainted  with  its 
exact  situation. 

-Though  the  membrana  tympani  be  vascular,  the  vessels  are 
so  small  that  they  bleed  but  little;  and  therefore,  if  much 
blood  is  discharged,  the  operation  cannot  have  been  properly 
performed. 

In  an  ear  otherwise  healthy,  the  operation  is  attended  with  so 
slight  a  degree  of  pain,  that  when  it  has  been  performed  in  one 
ear,  the  patient  expresses  no  unwillingness  to  submitting  to  it 
in  the  other.  The  sensation  which  it  occasions  is  momentary ; 
and  no  subsequent  inconvenience  of  any  kind  arises.* 

As  this  operation  will  not  afford  relief  in  any  cases  of  deafness, 
except  such  as  arise  from  a  closed  Eustachian  tube,  I  am  anxious 
that  it  should  be  performed  in  those  only  which  are  clearly  of 
that  description.  The  criteria  by  which  I  judge  whether  the 
tube  is  closed  or  open  are  the  following. 

First,  If  the  person  in  whom  it  is  suspected  to  be  closed, 
should  feel,  in  blowing  the  nose  violently,  a  swelling  in  the  ear, 
from  the  membrane  being  at  that  time  forced  outward,  the  tube 
is  open;  for,  when  closed,  no  such  sensation  is  produced. 

Secondly,  The  Eustachian  tube  may  be  closed,  yet  the  beat- 
ing of  a  watch  may  be  heard,  if  it  be  placed  between  the  teeth, 
or  pressed* against  the  side  of  jhe  head;  and,  if  it  cannot  be  heard 
when  it  rests  upon  the  teeth,  this  operation  cannot  relieve,  as 
the  power  of  the  auditory  nerves  must  have  been  destroyed. 

•  If  the  ear  has  been  previously  irritated  by  stimulating  applications  to  the  meatus, 
the  operation  will  then  be  painful ;  it  is  therefore  proper  to  wait  until  the  inflammatiou 
has  subsided. 
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Thirdly,  It  is  right  to  inquire  if  the  deafness  was  immediately 
preceded  by  any  complaint  in  the  throat. 

Lastly,  In  a  closed  Eustachian  tube  there  is  no  noise  in  the 
head,  like  that  which  is  hereafter  described  as  accompanying 
nervous  deafness. 

The  causes  of  deafness  are  extremely  numerous ;  and  many 
of  those  which  affect  only  the  meatus  auditorius,  the  membrana 
tympani,  the  cavity  of  the  tympanum,  and  the  Eustachian  tube, 
admit  of  relief  from  surgical  assistance. 

But  there  is  one  species  of  deafness  in  which,  as  it  depends, 
like  the  gutta  serena  of  the  eye,  upon  an  affection  of  the  nerve, 
it  would  be  as  absurd  to  expect  relief  could  be  derived  from 
any  operation  upon  the  membrana  tympani,  as  it  would  to  sup- 
pose that  a  person  diseased  in  the  optic  nerve  could  be  restored 
to  sight  by  extracting  the  cataract.  This  species  of  deafness 
occurs  more  frequently  than  any  other,  happening  generally  in 
old  persons ;  but  sometimes  also,  in  the  delicate  and  irritable,  in 
the  earlier  stages  of  life ;  I  have  known  it  produced  by  anxiety 
and  distress  of  mind.  Its  approach  is  generally  gradual:  the 
person  hears  better  at  one  time  than  at  another;  a  cloudy  day, 
a  warm  room,  agitated  spirits,  or  the  operation  of  fear,  produce 
a  considerable  diminution  in  the  powers  of  the  organ.  In  the 
open  air,  the  hearing  is  better  than  in  a  confined  situation ;  in  a 
noisy,  than  in  a  quiet  society ;  in  a  coach  when  it  is  in  motion, 
than  when  it  is  still.  A  pulsation  is  often  felt  in  the  ear ;  a  noise, 
resembling  sometimes  the  roaring  of  the  sea,  and  at  others  the 
ringing  of  distant  bells,  is  heard. 

This  deafness  generally  begins  in  a  diminished  secretion  of 
the  wax  of  the  ear,  which  the  patient  attributes  to  some  unusual 
exposure  of  the  head  to  cold ;  and  this  continues  so  long  as  the 
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disease  remains.  In  the  commencement  of  this  complaint,  it 
may  be  cured  by  the  application  of  such  stimulants  as  are  ca- 
pable of  exciting  a  discharge  from  the  ceruminous  glands ; 
which  stimulants  ought  to  be  introduced  into  the  meatus,  for 
that  purpose.  If  these  are  used  so  as  to  irritate,  without  exciting 
a  discharge,  they  are  rather  prejudicial  than  otherwise.  But,  if 
the  organ  has  been  long  neglected,  and  the  disease  has  been 
suffered  to  make  considerable  progress,  I  believe  that  no  hope 
of  cure  can  be  rationally  entertained.* 

There  is  another  cause  of  deafness,  to  which  I  fear  no  art  of 
the  surgeon  can  apply  a  remedy ;  this  is,  an  alteration  of  the 
contents  of  the  labyrinth.  The  interior  part  of  the  ear,  called 
the  labyrinth,  is  naturally  filled  with  water,  upon  which  the 
auditory  nerve  is  expanded ;  and  it  is  by  the  undulations  of  this 
fluid,  that  impressions  are  made  upon  the  nerve,  and  conveyed 
to  the  brain. 

If  a  solid  substance  be  generated  in  this  part  of  the  ear,  instead 
of  the  fluid,  the  powers  of  hearing  will  be  destroyed,  or  at  least 
very  considerably  impaired.  From  the  following  dissection,  this 
would  appear  to  be  at  least  one  cause  of  deafness  in  those  who 
are  born  with  this  infirmity,  and  who  are  also  dumb,  unless 
assisted  by  particular  instructions. 

Mr.  Cline,  being  requested  by  Dr.  Walshman,  of  Ken- 
nington,  to  examine  the  head  of  a  young  man  who  had  died  of 
a  fever,  and  who  had  been  born  deaf,  and  was  consequently 
dumb,  found,  upon  dissecting  the  organs  of  hearing,  all  the 
parts  perfectly  formed,  and  as  usual  in  a  healthy  ear,  except 

*  I  have,  in  several  cases  of  this  kind,  made  trial  of  the  operation  of  opening  the 
membrana  tympani,  without  finding  that  it  afforded  any  other  relief  than  that  of  dimi- 
nishing the  noise  in  the  head,  which  always  accompanies  it. 
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the  vestibule,  cochlea,  and  semicircular  canals ;  these  were  filled 
with  a  substance  of  the  consistence  of  cheese,  instead  of  the 
fluid  which  they  usually  contain.  From  a  defect  like  this,  deaf- 
ness could  not  fail  to  arise;  for,  as  the  substance  occupying 
the  place  of  the  watery  fluid  could  not  be  made  to  undulate 
by  the  motions  of  the  membrane  of  the  fenestra  ovalis  and  ro- 
tunda, all  impressions  upon  the  auditory  nerve  were  completely 
prevented. 

I  have  thought  it  right  to  describe  the  foregoing  instances  of 
deafness,  because  they  are  liable  to  be  confounded  with  that 
which  arises  from  a  closed  Eustachian  tube.  Others  might  per- 
haps have  been  added;  but  various  professional  engagements 
have  prevented  me  from  devoting  so  much  time  to  this  subject 
as  I  am  confident  it  merits.  I  have,  however,  the  pleasure  to 
reflect,  that  several  individuals  have  been  restored  to  society* 
who  were  before  almost  incapacitated  from  its  enjoyments.  I 
hope  others  will  be  induced,  by  this  success,  to  second  my 
feeble  efforts,  and  to  direct  their  attention  to  a  subject  which 
appears  to  be  of  the  highest  importance,  and  to  have  been  too 
much  neglected  by  medical  men ;  for  a  knowledge  of  the  struc- 
ture of  the  ear  is  by  no  means  general  in  the  profession,  and 
still  less  are  its  diseases  understood.  A  prejudice  has  prevailed, 
that  the  ear  is  too  delicate  an  organ  to  be  operated  upon,  or,  as 
it  is  commonly  exprest,  tampered  xvitb ;  and  thousands  have  thus 
remained  deaf  for  the  rest  of  their  lives,  who  might  have  been 
restored  to  hearing,  had  proper  assistance  been  early  applied. 
But  this  prejudice,  it  is  hoped,  will  now  be  done  away ;  since 
it  appears,  that  the  part  which  has  been  thought  most  essential 
to  hearing,  viz.  the  membrana  tympani,  may  be  injured  by 
disease,  or  may  be  broken  by  violence,  without  a  deprivation 
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of  the  sense  of  hearing,  and  that,  even  when  this  membrane  is 
entirely  destroyed,  another  is  found  to  perform  its  functions ; 
so  that  the  powers  of  the  organ  have  still  been,  in  a  considerable 
degree,  preserved. 

Let  it  also  be  recollected,  as  a  farther  encouragement,  that  in 
the  operation  I  have  mentioned,  little  pain  is  felt,  no  dangerous 
consequences  follow,  and,  even  if  it  is  sometimes  performed 
unsuccessfully,  the  patient  is  left  with  the  same  capacity  as 
before,  of  receiving  relief  from  other' remedies. 
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Explanation  of  the  Figures.    See  Plate  XXXIII. 

Fig.  i.  Shews  the  external  ear,  the  meatus  auditorius,  mem- 
brana  tympani,  and  Eustachian  tube. 

A,  The  meatus. 

B,  The  membrana  tympani. 

C,  The  cavity  of  the  tympanum. 

D,  The  Eustachian  tuba 

Fig.  a.  Shews  the  perforating  instrument,  as  it  is  introduced 
in  the  operation. 

Fig.  3.  The  membrana  tympani  of  Mr.  G  ,  of  which 

only  that  part  which  appears  of  a  lighter  colour  remains. 

Fig.  4.  The  membrane  lacerated  by  a  blow. 

Fig.  5.  The  membrane  lacerated  in  an  attempt  to  extract  a 
pin. 

Fig.  6.  Shews  the  membrana  tympani  of  a  medical  man  in 
the  city,  having  a  fungus  projecting  through  it :  in  this  ear,  he 
is  considerably  deaf. 

Fig.  7.  The  other  membrane  of  the  same  gentleman. 

Fig.  8.  One  of  the  membranes  of  Mr.  P  ,  whose  case  I 

described  in  my  former  Paper. 

Fig.  9.  A  membrana  tympani  in  its  natural  state,  shewing 
the  attachment  of  the  manubrium  of  the  malleus. 

Fig.  10.  The  appearance  of  the  membrane  after  having  been 
punctured. 
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